Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


ab,Google 


ab,Google 


COAL,  IRON,  AND  OIL; 


frsttiral  Sramrati  mmtx. 


OUR  MINES  AND  MINIMAL  RESOURCES, 

Sest-imii  «■  tStmls  to  tlidt  Crttwmijiit  g«wtoiimMrt. 

y^^A  ^/tmejvus  Maps  and  J^iiffravings. 


SAMUEL    HAEEIES    DADDOW, 


BENJAMIN    BANNAN, 


P0TT8VILLE,  PA.; 

PUBLISHED    BY    BENJAMIN    BANNAN. 

PHILADELPHIA:    J.   B.   LIPPIXCOTT   &.   CO. 

LONDON:  TBtiBNEK  &  CO. 


ab,Google 


EElered,  according  to  Act  of  Congress,  In  the  jear  1360,  hy 

BENJAMIN    EAHNAN, 

le  Clerk'B  ODIce  of  the  Bistrtct  Court  of  tho  TIniled  Slates  for  tlie  EaBtflra  District  of  Pennsylvai 


ab,Google 


AUTHOR'S  PREFACE. 


I  FEEL  constrained  to  say  a  few  brief  words  as  a  prefe.ce  to  the  work 
which  has  just  been  completed,  not  in  the  spirit  of  egotism  or  to  make 
excuses,  but  to  ask  for  this  book  a  candid  and  impartial  hearing, — a  fuU 
and  just  consideration  of  its  theories,  as  well  as  its  fe«ts,  before  judgment 
is  pronounced  upon  its  merits  collectively,  or  its  individual  idiosyncrasy. 

The  great  body  of  the  book  treats  on  practical  subjects,  presenting  facts 
as  they  exist,  in  palpable  and  unmistakable  form.  This  matter  is  gene- 
rally original,  and  was  collected  with  much  time  and  labor  by  both  the 
author  and  the  publisher,  as  well  as  by  their  agents;  and  on  these  there 
can  be  no  difference  of  opinion;  but  in  connection  there  are  other  subjects, 
which  admit  of  many  explanations  and  on  which  many  theories  exist. 

In  treating  these  subjects,  I  have  selected,  according  to  the  best  of  my 
judgment,  and  adopted  those  which  appear  to  be  most  consistent,  without 
attacking  those  which  are  respectfully  declined. 

I  have,  however,  adopted  several  new  theories,  which  may  be  presented 
to  the  mind  of  the  reader  at  first  sight  as  strange  and  without  support  in 
fact.  But  I  ask  an  impartial  and  patient  examination,  since  the  subjects 
presented  are  eminently  worthy  of^  consideration,  and,  if  I  am  correct,  no 
hasty  decision  can  make  them  less  truej  while  the  examination  of  new 
theories  on  new  and  untrodden  ground  is,  at  least,  as  profitable  as  tiie 
discussion  of  old  ones,  which,  though  investigated  from  all  points,  still 
remain  unsatisfactory  and  indefinite,  and  capable  of  numerous  explanations, 
no  two  of  which  agree. 

Three  new  and  principal  propositions  are  here  set  forth : — 

First,  that  the  material  forming  both  the  Azoio  and  Pakeozoic  formoiions 
of  the  earth  are  almost  exebmvely  and  direotk/from  volcanic  sources. 

Second,  that  volcanic  and  svbterrancan  heat  produosd  the  vapors  or  gases 
which  resulted  in  petroleum,  naphiha,  etc. 
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4  author's  preface. 

Third,  ikat  the  hydro-carhons,  in  the  shape  of  naphlha,  petroleum,  and 
their  resulting  bUttmen,  formed  minerat  coal. 

Nature  lias  been  a  busy  worker,  and  her  creations  are  not  as  old  as 
geology  would  make  fcliem.  I  was  led  to  these  conclusions  irresistibly  by 
the  facts  presented,  after  a  careful  and  extensive  practical  examination, 
rather  against  my  former  opinions;  but  now  that  I  have  followed  the 
NATURAL  PROCESSES  from  point  to  point,  and  found  all  the  coincidents  to 
agree  harmoniously  without  the  necessity  of  calling  miracle  and  phe- 
nomenon to  my  assistance,  I  do  not  hesitate  to  offer  the  foregoing  "theories" 
as  substantial  facts ;  but  for  them  I  alone  am  responsible. 

In  preparing  this  work,  Mr.  Bannan,  the  associate  author  and  publisher, 
has  rendered  valuable  assistance  in  furnishing  much  of  the  data,  in  pre- 
paring many  of  the  statistical  tables,  in  reading  and  correcting  proof,  in 
furnishing  liberally  material  aid,  and  by  using  every  available  means  to 
ejEpedite  the  work  and  make  the  book  practical  and  valuable. 

The  copy  and  drawings  have  been  produced  by  the  writer,  who  is 
responsible  for  errors  of  omission  and  commis,sion.  I  am  aware  of  many 
such  mistakes;  but  I  have  faithfully  endeavored  to  be  correct  and  con- 
sistent, and  feel  confideut  that  the  work  wiU  meet  with  a  satisfiictory 
reception  from  the  candid  and  impartial  reader. 

S.  H.  D. 
POTTSTUJ.E,  January,  1806. 
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PUBLISHER'S  PREFACE, 


The  woi-k  which  I  have  now  tlie  pleasure  of  introducing  to  the  public 
has  been  long  contemplated  and  promised;  but  the  many  difficulties  of 
preparing  a  book  of  this  character  have  delayed  its  ptiblication  to  the 
present  time,  which  perhaps  may  be  the  proper  moment,  since  the 
demands  and  the  promises  of  the  future  both  require  the  work  and  encou- 
rage tlie  realization  of  its  precepts. 

My  own  pressing  and  constantly -accumulating  duties  in  conducting  the 
publication  of  the  "Miser's  Jotjknal"  and  an  extensive  business  esta- 
blishment, left  no  time  to  prepare  and  arrange  the  large  amount  of  sta- 
tistical and  practical  data  on  mining  matters  which  has  been  collected  in 
this  office  for  the  last  thirty-five  years;  and  I  took  the  first  opportunity 
to  secure  the  services  of  a  practical  miner  and  engineer,  in  the  person  of 
Mr.  Daddow,  to  assist  me  in  presenting  it  in  book  form  to  the  public. 

In  this  work  Mr.  Daddow  lias  elaborated  the  subject  much  beyond  my 
oi%inal  intention  or  expectation,  and  has  become  practically  the  author, 
since  he  has  written  all  or  moat  of  the  copy,  and  prepared  all  the  sections, 
maps,  and  plans  to  illustrate  the  subjects  presented.  His  practical  expe- 
rience in  raining  matters,  and  extensive  acquaintance  with  all  or  most  of 
the  COAL,  lEON,  and  oil  formations  of  this  country,  make  him  peculiarly 
fitted  for  the  work;  and  I  feel  confident  it  will  meet  with  general  approba- 
tion. 

In  regard  to  the  new  theories  presented,  I  do  not  commit  myself  posi- 
tively; but,  since  nothing  better  than  theory  exists  on  those  subjects,  and 
none  of  the  many  theori&s  agree  or  account  for  all  the  facts  and  coincidents, 
I  feel  like  giving  support  to  any  new  theory  which  promises  better  results, 
as  I  believe  those  herein  presented  do. 

The  main  portion  of  the  work,  however,  pr^ents  facts  and  such 
original  information  aa  we  have  been  able  to  collect  by  an  extensive 
canvass   to  the   latest   date.     These   cannot   fail  ,to  be  interesting   and 
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inatructive  generally,  and  useful  especially  to  the  trades  and  operations 


While  the  cost  of  preparing,  electrotyping,  and  issuing. this  book  has 
much  exceeded  my  estimates  and  expectations,  I  feel  gratified  in  being 
able  to  present  the  first  book  ever  published  wbich  presents  in  a  practical 
manner  both  the  extent  and  character  of  our  mineral  resources  and  the 
means  of  their  development.  Taylor's  "Statistics  of  Coal,"  wbich  is  an 
eminently  valuable  and  practical  work,  but  now  out  of  print,  gives  only  a 
simple  and  partial  statement  of  the  extent  of  our  coal-fields  and  their 
trades;  and  while  Mr.  Taylor  was  an  accomplished  and  practical  engineer, 
he  did  not  pretend  to  give  instructions  in  mining,  or  to  trace  and  identify 
our  coal-beds  or  the  coal-fields. 

The  ponderous  and  costly  volumes  of  our  State  Survey,  by  Prof.  H.  D. 
Eogers,  contain  a  vast  amount  of  iBeful  information  and  scientific  learning, 
but  to  the  practical  industry  of  our  country  they  remain  a  dead  letter. 
"We  have  endeavored  to  be  brief,  plain,  practical,  and  explicit,  and  to 
present  facta  without  color  or  rhetorical  flourish,  and  devoid  of  technicali- 
ties and  mere  scientific  phrases  when  simple  words  would  best  express  the 
meaning, 

"We  hope  thus  to  make  tlie  work  popular,  and  as  interesting  and  in- 
structive to  the  general  reader  as  useful  and  necessary  to  the  miner,  the 
manufecturer,  and  the  mechanic.  The  book  is,  therefore,  confidently 
offered  to  the  public,  not  only  to  meet  the  demands  of  the  times,  but  with 
a  hope  that  it  may  inspire  our  people  with  a  more  consistent  and  uniform 
spirit  in  the  development  of  our  mineral  resources  and  manufacturing 
industry. 

B.  B. 

Miner's  Jocrnal  Office,  Poitsviilb,  January,  1866. 
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THE  PUACTICAL  AMERICAN  MINER 


CHAPTER   I. 

XNTEODUCTION. 


The  Elements  cf  National  Wealth — Providonoos — Coal  and  Iron — A  Comparison — The  Value 
of  Coal— Ita  Influence  on  Cities— New  Castle— Pittsburg— Djnamio  Value  of  Mineral 
Fuel — 1(9  Effects  on  Industrial  Resouroos — Production  of  the  Britiah  Mines — Practical 
lUualrationa — Manual  Power  and  Endurance  vs.  Steam-Powor— The  Labor  of  Women  in 
English  Mines — Value  of  Slava  Labor  in  Peace  or  War — Anthracite  Coal  of  Pennsyl- 
vania— Its  Value  to  our  Rational  Resources— Econcmj  and  Waste  of  Mining— Probable 
Eihaustion — Limited  Supplies  and  Unlimited  Demands — Striking  Pictures — The  Fall  and 
Decline  of  the  British  Empire — Oil  and  Coal — Nature's  Laboratoriea. 

God,  in  his  wonderful  providence,  has  blessed  our  country,  above  all 
others,  with  the  most  magnificent  profusion  of  mineral  wealth.  When 
compared  with  the  most  favored  lands,  where  coal  and  iron  are  essential 
elements  of  national  wealtli  and  greatness,  our  country  far  surpasses  them 
all  in  her  exhaustless  resources,  not  only  of  those  great  and  controlling 
elements,  but  all  the  essentials  to  national  strength  and  power  which 
make  an  industrious  people  wealthy,  prosperous,  and  respected. 

In  every  aspect  in  which  we  view  the  wonderful  resources  of  our 
country,  we  find  cause  for  gratulation  and  admiration,  whether  we  con- 
template the  productions  of  the  soil,  or  the  vast  extent  and  richness  of  the 
mineral  kingdom;  the  wide  and  varied  scenes  of  its  distribution,  or  the 
topographical  features  and  facilities  for  its  development.  These  resources, 
however,  are  rivalled  by  the  physical  proportions  of  the  land  which  we 
cannot  cease  to  laud  and  admire, — whose  limits  extend  from  ocean  to 
ocean,  and  occupy  one-eighth  (J)  of  the  habitable  world,  within  the 
temperate  zones. 

We  may  be  allowed  to  speculate  a  moment  on  the  providence  which 
preserved,  throughout  the  darker  ages,  a  land  so  evidently  favored  with 
all  the  natural  blessings  and  provisions  for  the  good  and  welfare  of  man. 
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We  cannot  fail  to  recognize  that  universal  Wisdom  wliich  orders  events 
fi'om  the  beginning  and  provides  for  tlie  destinies  of  nations  before  the  era 
of  their  existence.  With  this  feitb  as  a  foundation,  we  may  justly  hope 
to  come  out  of  our  present  day  of  trial  and  pain  like  gold  tried  in  the 
fire;  with  the  country  we  love  united  in  one  common  destiny, — purer, 
richer,  dearer  for  the  incalculable  price  of  precious  blood  and  the  immense 
amount  of  treasure  it  has  cost  us. 

But  our  task  is  eminently  a  practical  one,  and  we  neither  expect  nor 
wish  to  indulge  in  speculative  digressions.  The  work  before  us  ia  one 
of  fact  and  figure, — usually  "  dry"  work ;  but  we  hope  to  make  it  in- 
teresting to  the  general  reader,  as  well  as  useful  to  the  professional  and 
practical. 

The  distribution  of  coal  and  iron — and  at  the  present  day  we  must  not 
omit  oi! — ^throughout  North  America,  but  more  particularly  the  United 
States,  is  wonderfully  general  and  impartial.  On  consulting  the  maps, 
it  will  be  noticed  that  our  coal  deposits  dot  the  features  of  this  country 
from  ocean  to  ocean,  and  in  some  cases  their  immense  extent  almost 
obscures  the  surface  of  entire  States.  Of  our  three  million  square 
miles  of  superficial  area,  the  known  deposits  of  coal  occupy  200,000,  or 
one-fifteenth  (^)  of  the  entire  area;  while  the  existence  of  other  immense 
fields  not  yet  explored  is  unmistakable. 

In  comparison  with  other  coal-producing  countries,  this  ranks  not  only 
lirst,  but  fer  superior  in  that  respect  to  all  others. 

The  United  States  has  one  square  mile  of  coal  to  every  15  square  miles 
of  territory. 

Great  Britain  has  one  for  every  20  square  miles  of  superficial  area. 

Belgium  has  one  to  every  22J  square  miles  of  surface. 

And  France  has  one  square  mile  of  coal  to  every  200  square  miles  of 
territory. 

The  value  of  coal  to  those  possessing  and  utilizing  it  is  made  manifest 
by  their  prosperity  and  the  wealth  and  power  of  communities  and  nations 
whose  economy  is  largely  influenced  by  its  trade  or  dynamic  value. 

England  furnishes  the  most  prominent  instance;  and  English  cities 
located  on  or  near  coal,  or  within  its  direct  influence,  flourish,  while  older 
and  formerly  more  prominent  places  decline.  We  may  mention  Glasgow, 
Manchester,  Birmingham,  Leeds,  Sheffield,  and  last,  but  not  least,  New- 
eastle-on-Tyne,  To  what  can  we  attribute  the  astonishing  growth  of 
those  cities,  or  the  declining  condition  of  Canterbury,  Winchester,  Salis- 
bury, and  other  towns  in  the  south  of  England,  but  to  the  presence  or 
absence  of  coal? 

But  we  need  not  look  abroad  for  instances  of  its  influence  on  cities  and 
communities,  when  so  many  of  our  own  cities  and  towns  owe  their  growth 
and  prosperity  to  the  proximity  or  availability  of  coal.     It  is  true  that 
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other  causes  have,  in  many  instances,  given  a  wonderful  impetus  to  the 
birth  and  growth  of  towns  and  cities  in  the  New  World.  But  as  the  true 
promoter  of  progressive  and  permanent  development,  coal  is  pre-eminently 
the  first  in  value  or  dynamic  effect  of  all  our  minerals,  or  the  means  of 
converting  them  to  our  use  and  comfort. 

"If  you  would  see  what  coal  can  do  for  a  people  who  turn  it  to  fiill 
account,  look  at  Pittsburg,  a  city  of  1 50,000  inhabitants,  built  up  by  its 
mines  of  coal.  There  are  no  drones  in  its  hive;  heads  and  hands  are  busy. 
It  lost  $30,000,000  by  the  Eebeliion,  without  shaking  its  credit.  No  city 
on  this  continent  contains  more  solid  wealth  in  proportion  to  its  population. 
Its  prosperity  is  permanent,  for  it  is  based  upon  the  creation  of  new  values- 
Possessing  in  its  coal  the  creative  power,  it  stretches  out  its  mighty  arms 
and  gathers  the  wealth  of  half  a  continent  into  its  lap.  It  brings  to  \\a 
furnaces  and  forges  the  iron  and  copper  of  Lake  Superior;  glass-sand  from 
New  England,  Missouri,  and  Illinois;  lead  from  Wisconsin  and  Missouri; 
zinc,  brass,  and  tin  from  beyond  the  seas.  You  pass  through  its  gigantic 
establishments,  and  are  amazed  at  the  variety  and  extent  of  their  perfected 
productions.  Yet  all  these,  from  the  most  delicate  fabric  of  glass  to  the 
ponderous  cannon  and  steam-engine,  are  in  the  coal  which  underlies  the 
smoky  hills  of  Pittsburg."* 

THE  DYNAMIC  VALUE  OF  COAL. 

Rogers,  in  his  Geology  of  Pennsylvania,  has  given  a  very  curious  state- 
ment of  the  force  or  power  derived  from  the  combustion  of  certain  amounts 
of  coal,  which,  while  it  presents  an  approximate  estimate  and  conveys  to 
the  mind  an  idea  of  the  mechanical  force  thus  derived,  is  very  erroneous  in 
statement  and  fact.  He  estimates  the  average  duty  of  the  improved  Cornish 
pumping-engine  as  equivalent  to  100,000,000  pounds  lifted  one  foot  high 
by  the  consumption  of  one  bushel,  or  84  pounds,  of  coal,  and  then  takes 
the  maximum  duty  as  125,000,000  under  the  same  circumstances.  By 
dividing  the  bushel  of  84  pounds  into  the  maximum  duty,  125,000,000, 
he  makes  one  pound  of  coal  raise  1,500,000  pounds  one  foot  high,  or 
equivalent  to  the  labor  of  a  strong  man  on  the  tread-mill  during  10  hours; 
and  thus  he  estimates  that  (4)  four  tons  of  coal  is  equal  to  twenty  years  of 
manual  labor,  or  an  average  lifetime  of  hard  work.  By  tliis  ingenious 
estimate,  10,000,000  tons  of  coal  are  made  to  supply  England  each  year 
with  a  mechanical  force,  as  applied  to  the  production  of  steam,  equal  to 
3,600,000  fresh  men  laboring  through  20  yeai-s. 

We  give  this  singular  statement,  not  only  for  the  purpose  of  correcting 
it, — since  it  has  been  widely  circulated, — but  to  show  that  even  a  practical 
application  of  this  force,  as  applied  to  mechanical  effect,  will  increase  the 
value  of  manual  labor  a  hundredfold, 

*  Letter  of  Professor  Daniels  to  tlie  Chicago  "  Tribune." 
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The  average  "duty"  of  35  Cornish  pumping-engines  at  -work  in  Eng- 
land during  1864  was  500,000  pounds  lifted  one  foot  higli  with  a  con- 
Bumption  of  one  pound  of  coal.  But  in  an  estimate  of  this  character  we 
cannot  ^assume  even  the  average  consumption  of  the  Cornish  engine  to  be 
the  rule,  since  the  consumption  of  coal  to  the  power  produced,  by  the 
ordinary  English  engines,  is  at  least  double.  We  presume  tliat  200,000 
pounds  lifted  one  foot  high  by  the  combustion  of  cue  pound  of  coal  is 
nearer  to  the  rule  than  the  exception. 

But  we  will  place  our  figures  still  lower,  and  make  10  pounds  of  coal, 
as  applied  to  the  production  of  mechanical  power  through  the  agency  of 
steam,  as  eqiial  to  a  day's  work,  or  1^  tons  of  coal  as  equal  to  a  year  of 
manual  labor.  10,000,000  tons  of  coal,  thus  applied,  adds  to  the  pro- 
ductive labor  of  England  a  force  equal  to  the  exertion  of  7,500,000  fresh 
men  annually  I 

The  amount  specified, — 10,000,000  tons, — as  used  for  the  production 
of  steam  in  England,  is,  perhaps,  much  below  the  actual  consumption. 
It  is  estimated  that  100,000,000  tons  of  coal  were  produced  by  the  mines 
of  Great  Britain  in  1864,  or  nearly  90,000,000,  as  sent  from  the  mines. 
But  all  practical  miners  are  aware  that  a  large  amount  of  coal  is  consumed 
at  the  mines. 

In  1861  the  production  of  the  great  northern  coal-field,  in  Northumber- 
land and  Durham,  was  21,777,570  tons.  Of  this  amount,  19,077,570  tons 
were  sold  or  sent  from  the  mines,  leaving  2,700,000  burned  for  home  con- 
sumption and  wasted  at  the  mines.  The  same  proportion  used  at  the  mines 
generally  would  swell  the  amount  to  over  100,000,000.  This  vast,  almost 
incomprehensible,  mass  of  coal  has  been  produced  by  300,000  men  and 
boys  at  3000  collieries. 

In  1861  tlie  number  of  collieries  in  Great  Britain,  and  their  production, 


England 2074  colli 

Wales 481 

Scotland 424 

Ireland 73 

3052 


.  62,870,123  tons. 
.     8,561,021    " 
.  11,081,000    " 

83,635,214    " 


The  number  of  collieries  is  constantly  decreasing,  though  their  pro- 
ductions are  increasing.  In  1860  there  were  13  collieries  more  than  in 
1861,  while  the  production  of  coal  was  one  million  of  tons  le^. 

The  great  northern  coal-field,  in  Northumberland  and  Durham,  is  the 
greatest  coal-producing  district.  In  1861  there  were  271  collieries  in 
operation,  employing  nearly  50,000  men  and  boys,  while  the  production 
and  distribution  of  coal  from  these  collieries  were: — 
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House  coal,  for  domestic  uses 4,493,450  tons. 

Gas  eoal 1,717,000     " 

Steam  coal,  small  and  manufacturing  coal 4,317,120     " 

Distributed  on  lines 2,300,000     " 

Coke  consumed  in  iron  trade 5,000,000     " 

Manufacturing 1,250,000     " 

Colliery  and  home  consmnption 2,200,000     " 

Waste  at  collieries 500,000     " 

21,777,570  " 
The  above  is,  perhaps,  an  average  distribution  of  the  English  eoala,  and, 
it  will  be  noticed,  over  one-fifth,  or  5,000,000,  of  thia  amount,— included 
in  steam,  manufacturing,  and  line  consumption, — is  made  use  of  for  the 
production  of  steam.  From  this  data  we  may  safely  estimate  that  one- 
tenth,  or  10,000,000  tons,  of  the  entire  production  of  Great  Britain  ia 
applied  to  mechanical  purposes  in  labor-saving  operations.  The  estimate, 
therefore,  which  makes  the  coal  of  England  add  to  her  resources  of  labor 
the  equivalent  of  7,500,000  strong  men  per  annum,  is  not  exaggerated. 

In  fact,  when  we  consider  the  processes  by  which  our  fbrefiithers  elabo- 
rated their  metals  and  produced  their  weapons  of  defence  or  articles  of 
general  utility  with  their  "stone-hammers"  and  "water-blast,"  we  can 
form  a  slight  conception  of  the  value  of  coal  for  other  uses  than  the  pro- 
duction of  steam.  It  has  been  the  great  means  of  tacilitating  invention 
and  progress! on,™the  "Philosopher's  Shine,"  which  has  turned  all  it 
touched  to  value  or  use. 

Thus,  the  dynamic  value  of  the  eoal  which  nature  has  stored  up  in  our 
mountains  is  beyond  calculation.  The  latent  power  which  puts  in  motion 
the  great  forces  of  nature  is  heat ;  and  the  most  available  means  of  exerting 
that  power,  within  the  economy  of  nature,  at  the  disposal  of  man,  is  in  the 
carbon  of  our  coal-beds. 

We  cannot  dismiss  thia  subject  without  giving  a  practical  illustration  of 
the  value  of  coal  in  the  production  of  steam  as  exerted  in  labor-saving 
macliinery. 

Not  many  years  ago — as  late  as  1842-50 — women  were  employed  in  tite 
British  collieries  transporting  coal  from  the  mines  to  the  surfece.  The 
loads  they  carried  were  almost  incredible.  In  fact,  the  burdens  could  not 
be  borne  were  not  the  bearers  trained  to  the  work  from  their  infancy. 

"We  have  seen  a  woman  take  on  a  load  of  at  least  170  pounds  avoirdu- 
pois, travel  with  this  150  yards  up  the  slope  of  the  eoal,  below  ground; 
ascend  a  pit  by  stairs  117  feet,  and  travel  up  the  hill  20  yards  more  to 
where  the  coal  was  laid  down.  All  this  she  would  perform  no  less  than 
twenty-four  times  each  day,  traversing  a  distance  of  5f  miles  in  going  and 
returning."*  "It  was  reckoned  nothing  extraordinary  at  a  Lothian  colliery 
*  See  Taylor's  Statistics,  page  214. 
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(Scotland)  for  a  woman  to  cany  on  her  back  from  35  to  40  ewt.  of  coal 
each  day  a  distance  of  between  300  and  400  yards,  the  greater  part  of  the 
road  being  not  higher  than  4J  feet,  and  in  some  cases  a  considerable 
portion  covered  with  water." 

As  late  as  1850,  it  appears,  a  great  number  of  women  and  girls  were 
employed  in  some  of  the  Welsh  mines,  though  not  for  the  purpose  of 
carrying  coals  to  the  surface,  yet  perhaps  in  occupations  equally  laborious. 
It  may  be  considered  a  hard  day's  work  for  any  man,  however  strong, 
to  convey  the  burdens  of  those  women  as  described  in  the  foregoing 
quotation, — that  is,  a  load  equal  to  two  tons,  of  2000  pounds  each,  carried 
an  average  distance  of  300  yards  horizontal,  or  200  feet  perpendicular.  It 
would,  therefore,  require  700  men,  thus  employed,  to  transport  tlie  pro- 
duction of  one  of  our  large  collieries,  producing  500  tons  per  day,  a 
distance  of  600  feet  perpendicular.  But  a  steam-engine  of  100  horse- 
power, using  five  tons  of  coal  per  day,  will  do  the  same  work  with  ease. 

Perhaps  a  still  more  practical  and  palpable  illustration  may  be  given  of 
the  value  of  meclianical  force  developed  by  the  carbon  of  our  coal,  or,  in 
other  words,  the  vast  addition  to  our  industrial  and  national  resources 
supplied  by  labor-saving  machinery,  steam,  and  mechanical  skill. 

The  chief  industrial  or  productive  force  of  the  Slave  States  was  derived 
from  the  labor  of  theu-  4,000,000  of  slaves.  Of  these,  perhaps  not  more 
than  1,000,000  were  productive  as  full-grown  persons;  or,  the  entire  pro- 
ductive value  of  men,  women,  and  children  was  equal  to  tlie  labor  of 
1,000,000  full-gTOwn  men.  This  labor,  as  a  rule,  was  exerted  simply  as 
brute  force,  without  the  a^istance  of  skill  or  mechanical  means,  but  repre- 
sented a  capital  or  valuation,  according  to  Southern  figures,  of  2,000,000,000 
dollars.  The  same  amount  of  force  would  be  exerted  by  150,000  horse- 
power in  steam  machinery,  coating,  at  $100  per  horse-power,  $15,000,000. 
Such  an  addition  of  force  would  be  of  tenfold  more  value  to  the  8,000,000 
whites  of  the  South  than  their  slave-labor;  or,  if  added  to  the  skve-labor, 
under  the  intelligent  development  attainable  by  the  slave,  the  productive 
power  of  the  South  would  be  increased  a  hundredfold,  according  to  the 
degree  of  mechanical  skill  displayed  and  the  uses  to  which  the  power  is 
applied. 

The  secret  of  the  rapid  decay  of  Southern  resource  and  means  of 
defence  is  primarily  in  their  lack  of  coal  or  their  appreciation  of  its  value. 
Had  they  developed  their  mineral  resources,  which  are  abundant,  and 
increased  their  industrial  or  productive  power  by  the  mechanical  force 
derived  from  the  judicious  use  of  coal  and  iron,  those  12,000,000  people 
would  never  have  rebelled;  but,  having  rebelled,  would  never  have  been 
brought  to  submission. 

The  ability  to  produce  iron  in  sufficient  quantities  to  supply  the  wants 
of  a  nation  under  all  circumstauces  of  war  or  peace,  constitutes  an  element 
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of  strength  never  before  so  fully  estimated  or  exemplified  as  in  tlie  present 
contest.  Our  ability  to  produce  iron  is  equal  to  our  wants,  and,  conse- 
quently, we  malie  use  of  that  element  of  sti-ength  to  its  fullest  extent, — in 
the  production  of  iron-clad  ships,  the  fabrication  of  superior  guns,  the 
manufacture  of  the  most  effective  small  arms,  and  an  unlimited  supply  of 
rails  and  rolling-stock,  &c.  &C.  And  not  only  have  we  the  iron  in  abun- 
dance for  all  those  purposes,  but  our  iron  and  coal  enable  our  mechanics  to 
multiply  their  labor  or  productive  ability  over  a  hundredfold,  as  com- 
pared with  the  productive  power  of  the  unskilled  brute  labor  of  tlie  South, 

The  amount  of  iron  produced  in  the  South  since  the  commencement  of 
the  war  has  not  only  been  deficient  for  ordinary  purposes,  but  not  eijual  to 
the  requirements  for  the  materials  of  war.  No  railroad  iron  has  been  pro- 
duced for  repairs  or  otherwise,  and  but  little  iron  has  been  spared  for  the 
replacement  of  worn-out  rolling-stock.  The  ability  to  produce  iron,  and 
the  cost  of  its  production,  have  both  been  on  a  par.  Ail  the  iron  produced 
in  the  SouUi  during  the  last  four  years,  from  '60  to  *64,  has  been  made 
with  charcoal,  either  in  the  rude  eold-blast  furnace,  using  from  eight  to 
tliirteen  cords  of  wood  to  the  ton  of  metal  produced,  or  in  the  primitive 
Catalan  hearth,  with  "water-blast,"  and,  in  some  cases,  the  old  "stone- 
hammer"  of  our  ancestors  who  lived  a  thousand  years  ago. 

For  the  production  of  one  ton — 2000  pounds — of  wrought  iron  in  the 
Catalan  forge,  under  ordinary  circumstances,  75  clays'  labor  is  required  in 
the  various  processes;  while  the  amount  of  labor  required  to  produce  a  ton 
of  iron  at  our  improved  rolling-mills  does  not  exceed  20  days  from  the 
miner  to  the  finisher.  Nearly  the  same  difference  exists  in  the  production 
of  cast  iron  between  the  rude  charcoal  furnaces  of  the  South  and  the 
improved  anthracite  furnaces  of  the  North.  The  rebellion,  therefore, 
lacked  the  permanent  strength  imparted  by  iron,  and  decayed  rapidly  in 
consequence.  Had  the  Confederates  the  means  and  ability  to  buiJd  iron- 
clad rams  in  proportion  to  their  numbers  and  mineral  resources,  our  great 
superiority  on  the  water  would  have  been  neutralized,  and  their  cotton 
made  available  for  war  purposes.  But,  depending  entirely  on  brute  force, 
their  resources  and  means  of  defence  have  depreciated  in  ratio  with  their 
loss  of  able-bodied  men  by  whatever  cause. 

Virginia  contains  more  coal  than  Pennsylvania:  yet,  though  the  oldest 
State,  she  has  never  made  it  available  by  development,  and  not  one  pound 
of  her  coal  has  been  used  for  the  production  of  iron  in  the  blast  furnace 
since  the  commencement  of  the  war,  and  but  a  few  tons  before;  the  Bich- 
mond  coal  being  too  impure  for  such  purposes.  Tennessee  was  the  only 
Soutliern  State  in  which  iron  was  made  from  mineral  coa! ;  and  the  produc- 
tion there  ceased  on  the  occupation  of  Chattanooga  by  the  Federal  forces. 

In  our  description  of  the  coal  and  iron  regions  of  the  Soutliern  States, 
we  will  give  the  details  of  their  mining  and  mauuficturing  status  both 
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before  and  since  the  war.     But  the  facts  here  presented  forcibly  illustrate 
the  value  of  coal  in  pea«e  or  war. 

We  may  boldly  state  that  the  anthracite  coal  of  Pennsylvania  has  been 
our  greatest  source  of  strength,  whether  considered  as  augmenting  in  a 
hundredfold  ratio  our  industrial  resources  in  the  mechanical  line,  or 
supplying  the  means  and  material  of  war,  exclusive,  of  course,  of  the  men 
and  the  money.  But  even  these  are  influenced  to  a  great  extent  by  the 
strength  imparted  to  our  national  resources  through  the  dynamic  agency  of 
coal. 

Phikdclphia  and  New  York,  and  all  the  manufacturing  cities  and  towns 
of  New  England,  have  the  greatest  source  of  their  productive  power  in 
the  mountains  of  Pennsylvania. 

Those  anthracite  basins  represent  but  a  spot  in  the  coal  area  of  the 
United  States, — only  470  square  miles  of  anthracite  in  a  total  area  of 
206,939  square  miles.  But  its  present  available  value  is  greater  than  the 
entire  area  of  bituminous  coal;  and  all,  except  the  470  square  miles,  is 
of  that  class,  exclusive  of  a  doubtful  and  unproductive  field  of  100  square 
miles  in  Massachusetts  and  Rhode  Island. 

Of  the  22,000,000  tons  reported  as  the  coal  production  of  1864,  nearly 
10,000,000  tons  were  anthracite.  But  this  vast  preponderance  cannot 
always  exist  in  &vor  of  the  anthracite  mines,  when  the  Western  coal-fields 
are  more  fully  developed  to  meet  the  increasing  wants  of  Western  growth 
and  improvement.  The  feet,  however,  that  those  anthracite  fields  are  the 
only  known  or  available  deposit  of  the  kind,  and  that  the  entire  East  and 
a  portion  of  the  Northwest,  representing  a  population  of  over  12,000,000, 
draw  most  of  their  supplies  of  fuel  from  thence,  and  must  continue  to  do 
80,  will  always  attach  superior  importance  and  value  to  the  anthracite  coals 
of  Pennsylvania. 

We  cannot  make  even  an  approximate  estimate  of  their  value  to  our 
resources;  figures  would  scarcely  convey  an  idea.  We  may  calculate  the 
production  per  acre,  and  jump  at  some  conclusion  concerning  the  amount 
per  square  mile ;  but  the  value  of  a  ton  of  coal  in  the  mountain,  or  the 
same  amount  in  market,  has  no  relation  to  its  dynamic  value  in  the  pro- 
duction of  mechanical  force  or  motion,  its  necessity  to  our  manufactures, 
its  importance  to  the  arts  and  sciences,  or  indirectly  as  a  means  of  power 
and  strength  in  peace  or  war.  Yet  its  marketable  value  is  no  small  item 
in  our  trade-lists,  though  comparatively  of  late  development.  Its  growth 
or  increase  is  unparalleled  by  any  trade,  except  the  oil  trade  of  Western 
Pennsylvania;  and  the  rapidly  increasing  demand  for  this  class  of  fuel 
insures  a  permanent  expansion  of  the  trade,  equal,  perhaps,  to  the  means 
of  supply. 

Though  the  area  be  small  and  insignificant,  when  compared  on  the  map 
with  the  wide  extent  of  our  bituminous  fields,  the  supply  is  practically 
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unlimited  for  all  present  purposes.  A  coal-seam  five  feet  thick  will  pro- 
duce 5000  tons  of  marketable  coal,  even  under  the  present  wasteful  mode 
of  mining.  There  can  be  no  doubt  of  an  average  of  60  feet  vertical  thick- 
ness of  available  coal  under  the  entire  coal  area  of  the  anthracite  fields. 
This  would  yield  60,000  tons  per  acre,  or  18,000,000,000  in  the  300,000 
acres  which  they  contain.  But  under  a  more  careful  system  of  mining,  as 
practised  in  England  and  elsewhere,  and  which  will  be  practised  here  when 
coal  and  coal  lands  are  appreciated  at  their  proper  value,  one-third  more 
coal  may  he  obtained  from  an  acre  of  land  than  is  given  in  the  foregoing 
estimate.  The  amount  of  hard  anthracite  coal  existing  in  an  acre  of  land, 
as  a  maximum,  is  1613  tons  per  foot  of  vertical  thickness,  or  96,780  Urns 
per  acre,  according  to  the  average  estimate  of  60  feet  total  vertical  thick- 
ness. In  the  best  English  mines,  from  i\j  to  ^  of  the  coal  is  left  or  wasted 
in  the  pillars.  Under  the  same  system  of  mining,  we  might  obtain  nearly 
90,000  tons  of  coal  to  the  acre,  or  one-third  more  than  our  present  system 
will  admit  of  But  we  can  scarcely  hope  for  the  same  degree  of  economy 
in  operating  our  large  veins. 

The  natural  increase  of  the  anthracite  coal-trade  is  about  2|  per  cent. 
per  annum ;  and  we  may  anticipate  even  a  larger  increase  on  the  paeification 
of  the  country,  when  an  impetus  will  be  given  to  our  manufacturing 
interests  far  greater  than  that  given  by  the  war,  under  the  protection  of 
fostering  tariffe  and  through  the  means  of  our  vastly  increased  capital. 

Our  present  production  is  10,000,000  of  tens  per  annum,  and  in  all 
probability  it  will  not  be  less  than  15,000,000  in  1870.  At  this  rate  of 
increase  we  may  live  to  see  the  day  when  our  coal-trade  will  be  30,000,000 
tens  annually,  and  perhaps  some  of  us  may  be  able  to  count  double  that 
amount.  But  an  annual  drain  of  30,000,000  from  our  limited  area  will 
exhaust  the  anthracite  coal-fields  in  600  years, — a  small  period  in  the  life- 
time of  a  nation,  and  but  little  over  our  past  existence.  When  compared 
with  the  years  of  England,  France,  or  China,  we  find  it  a  short  time. 

The  amount  we  name  is  moderate  as  an  estimate,  and  twenty  years  may 
not  elapse  before  its  realization.  But  our  estimate  does  not  cover  the  whole 
consumption  by  perhaps  half  the  drain  on  our  resources  of  anthracite.  We 
may  state,  without  exi^eration,  that  the  drain  or  actual  loss  on  the  original 
supply  since  the  commencement  of  the  trade  has  not  been  less  than 
189,000,000  tons,  or  one-half  more  than  the  shipments  of  marketable  coal ; 
while  our  present  production  of  10,000,000  may  be  more  fairly  represented 
in  the  actual  drain  on  our  resources  by  15,000,000  tons  shipped,  wasted, 
and  lost. 

The  estimate  is  that  one-third  of  the  coal  is  left  in  the  mine  as  inacces- 
sible, lost  in  pillars,  &e.  The  waste  caused  by  our  present  mode  of  erushr- 
ing  through  the  "breaker"  ranges  from  15  to  20  per  cent.,  and  sometimes, 
under  certain  circumstances,  it  has  exceeded  30  per  cent. ;  and,  in  addition 
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to  these  two  great  items  in  the  waste  of  our  mines,  we  may  mention  the 
home  and  coUieiy  consumption,  wliieli  is,  perhaps,  from  5  to  10  per  cent. 

In  order,  therefore,  to  produce  30,000,000  annually,  the  di-ain  on  our 
mines  or  resources  would  be  45,000,000  under  our  present  wasteful  system 
of  mining,  since  the  loss  in  pillars,  waste  in  fine,  and  colliery  and  home 
consumption,  ia  not  less  than  53  per  cent,  of  the  whole  production. 

Should  the  anthracite  trade  ever  approach  the  proportion  of  the  English 
coal-trade,  our  supply  would  melt  away  in  180  years.  It  is  not  probable 
that  such  proportions  will  ever  be  assumed  by  this  trade,  in  view  of  the 
vast  extent  of  bituminous  coal  held  in  reserve,  and  the  use  of  unlimited 
supplies  of  petrolemn,  which  will  usurp  the  place  of  the  purest  carbons  in 
many  instances.  There  are  fiicts,  however,  in  this  connection,  which  justify 
us  in  assuming  a  large  demand  on  the  anthracite  trade.  The  anthracite 
basins  are  the  only  lai^e  bodies  of  available  coal  east  of  the  AUeghanies — 
excepting  the  small  but  valuable  Broad  Top  coal,  and  a  few  other  scatter- 
ing semi-bituminous  patches — accessible  to  the  Eastern  markets.  It  is  not 
at  all  probable  that  our  Western  bituminous  coal  will  ever  take  the  place 
of  a  superior  article  for  all  ordinary  purposes:  therefore  tlie  great  source 
of  supply  for  the  East  will  be  in  the  anthracite  coal-fields.  The  six  New 
England  States,  New  York,  New  Jersey,  part  of  Pennsylvania,  and  a 
lai^  extent  of  the  South  on  the  Atlantic  board,  must  draw  the  chief 
portion  of  their  supplies  of  fuel  from  thence.  The  area  to  be  supplied 
with  anthracite  is,  perhaps,  not  less  than  300,000  square  miles,  and  the 
present  population  12^000,000.  This  is  exclusive  of  a  large  trade  which 
finds  its  way  northwest  to  the  great  lakes  and  to  Canada, — a  trade  con- 
stantly on  the  increase. 

The  area  of  England,  Ireland,  Scotland,  and  Wales  is  121,000  square 
miles,  as  a  homo  market  for  the  consumption  of  70,000,000  tons,  or  the 
British  production,  deducting  the  exports.  The  area  of  300,000  square 
miles  to  which  we  refer  on  the  Atlantic  slopes  can  support  a  population  to 
the  square  mile  equally  as  dense  as  that  of  England, 

Under  such  circumstances,  a  rapid  and  vast  increase  may  be  anticipated 
for  the  anthracite  trade  of  Pennsylvania.  The  duration  of  this  invaluable 
source  of  wealth,  and  the  means  by  which  it  is  economized,  are  questions 
of  the  greatest  importance,  not  only  to  individuals  but  to  the  state  and 
country  at  large;  and  we  propose  in  the  ensuing  pages  to  present  the 
"economy  of  mining"  in  a  prominent  manner  and  from  the  best  practical 
sources. 

The  waste  of  the  anthracite  mines  is  a  matter  of  astonishment  to  Eng- 
lish mining  engineers  on  flying  visits  to  those  regions.  But,  domiciled 
here,  even  professionally,  they  soon  become  indifferent  to  that  which 
cannot  be  generally  prevented,  while  the  apparent  abundance  seems  to 
promise  an  unlimited  supply.     We  do  not   expect  to  present  a  correct 
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impression  of  this  wanton  waste,  or  create  mucli  interest  in  the  matter 
under  present  circumstances. 

But,  having  shown  that  the  coal  in  those  fields,  which  at  present  is 
Considered  inexhaustible,  is,  on  the  contrary,  in  process  of  rapid  exhaustion, 
and  but  limited  in  proportion  to  the  area  and  demand  to  be  supplied,  we 
will  try  to  impress  those  interested  with  some  conception  of  the  great  loss 
involved,  both  private  and  public,  in  the  present  waste  of  coal. 

As  we  before  mentioned,  the  waste  is  equal  to  the  "vend."  The  value 
of  the  anthracite  trade  for  1864  is  stated  at  60,000,000  of  dollars,— that  is, 
its  simple  marketable  or  exchange  value  as  a  commodity;  while  its 
mechanical  value,  as  affecting  our  productive  ability,  is  still  vastly  greater 
in  the  scale  of  values. 

But  this  item  is  one  that  must  attract  attention.  If  these  coal  deposits 
represent  a  body  of  18,000,000,000  tons  of  workable  coal,  the  loss  of 
half,  on  the  same  basis  of  calculation,  is  one  that  those  who  own  coal 
lands  may  be  interested  in  figuring  up  when  their  abandoned  mines  may 
cease  to  yield  them  princely  incomes. 

ENGLAND  AND   HER   RESOURCES. 

The  prosperity  of  England  is  involved  in  the  duration  of  her  coal-fields. 
The  exhaustion  of  her  mines  must  sap  the  foundation  of  her  strength. 
The  subject  engages  the  attention  of  her  people;  and  all  available  means 
are  taken  to  economize  this  great  and  primary  source  of  her  prosperity 
and  power. 

It  is  estimated  by  the  statieians  of  Great  Britain,  that  their  available 
supply  of  coal  will  be  exhausted,  under  the  present  rate  of  consumption 
and  increase,  in  300  years  from  the  present  time. 

A  rather  fanciful  writer — the  author  of  a  little  English  book  entitled 
"Our  Coal  and  Our  Coal-Pits" — thus  expresses  himself: — 

"  Without  coal  our  steam-power  would  be  annihilated,  and  with  that  our 
prosperity  as  a  nation,  and  possibly  our  supremacy.  Our  steam-engines 
would  rust  unused,  for  lack  of  suitable  fuel,  our  steam-vessels  would  be 
dismantled  and  decaying  in  dock,  and  all  our  processes  of  manufi^ture 
would  be  deteriorated;  and  the  future  historian  of  the  revolutions  of 
empires  would  date  the  decline  and  fell  of  the  vast  dominions  of  Britain 
from  the  period  when  her  supplies  of  mineral  fuel  were  exhausted  and  her 
last  coal-field  worked  out. 

"An  ancient  writer  has  drawn  a  picture  of  the  exiled  Marius  sitting  on 
the  ruins  of  Carthage  and  musing  and  mourning  in  proud  grief.  A 
modem  historian  has  drawn  an  eqnally  striking  picture  of  a  New  Zealander 
sitting  and  musing  on  the  ruins  of  I^ondon  at  the  debris  of  the  fellen  St. 
Paul's.    It  has  been  reserved  for  the  author  of  this  book  to  conceive  the 
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picture  of  some  one  of  bis  lineal  posterity  sitting  on  the  top  of  the  ruiiif; 
of  a  great  but  exhausted  New-Castle  colliery,  and  mourning  and  moralizing 
over  the  fate  of  fallen  Britain.  Should  such  a  picture  ever  be  drawn,  its 
subject  will  be  more  pathetic  and  powerful  than  that  of  proud  Marine  or 
the  feathered  New  Zealander." 


COAL   AND   IRON. 

Our  introduction  has  been,  rather  disconnected  and  rambling.  It  has 
been  our  aim,  however,  to  present  the  most  -practical  and  striking  illustra- 
tions of  the  value  of  eoal  to  the  industrial  resources  of  nations,  and  atti-act 
attention  to  the  value  of  our  coal-tields. 

Our  resources  in  iron  are  subordinate  to  that  of  coal:  without  a  supply 
of  mineral  fuel,  our  deposits  of  iron  ores  would  not  be  available.  We 
have,  therefore,  given  pre-eminence  to  eoal;  and  in  the  ensuing  pages  we 
shall  confine  ourselves  to  a  brief  synopsis  of  our  resources  for  the  produc- 
tion of  iron,  as  illustrating  the  value  and  uses  of  coal,  with  such  informa- 
tion on  the  subject  as  may  be  necessary'  to  present  a  concise  review  of  the 
trade  to  make  it  interesting  and  valuable. 

OIL,   OR   PETROLEUM. 

No  work  on  our  mineral  resources,  and  particularly  mineral  fuels,  would 
be  complete  without  a  practical  or  theoretical  notice  of  our  great  petroleum 
regions.  To  this  end  we  have  collected  all  the  available  information  on 
the  subject,  and  have  not  only  made  extensive  examinations  personally, 
but  have  availed  ourselves  of  the  practical  experience  of  others.  Petroleum 
contains  the  constituents  of  eoal,  or  viae  versd.  The  one  is  solid,  the  other 
fluid.  Both  are  formed  principally  of  carbon  and  hydrogen ;  the  one  with 
mrthy  impurities,  the  other  almost  pure.  We  therefore  look  upon  petro- 
leum as  a  species  of  mineral  fuel,  the  product  principally  of  onr  coal- 
fields, enhancing  their  value,  providing  for  their  development,  and,  while 
it  fills  some  of  the  uses  to  which  coal  has  been  applied,  it  increases  the 
area  of  its  distribution  and  enlarges  the  sphere  of  its  usefulness. 

In  a  rapid  glance  over  the  field  of  our  researehes, — our  extensive  fiekls 
of  coal,  our  mountains  and  beds  of  ores,  and  our  deep  fountains  of  mineral 
oils, — we  cannot  fall  to  be  impressed  with  admiration  and  wonder  at  those 
magnificent  creations  of  Nature,  when  we  reflect  that  they  are  the  result 
of  chemical  action  and  combiimtion  carried  on  in  her  great  laboratory. 

The  productions  of  vegetation,  whose  original  magnificence  and  extent 
are  beyond  comprehension,  has  been  preserved  year  after  year,  through 
numberless  ages,  in  the  most  compact  and  available  form  for  use.  Un- 
limited beds  of  precious  ores,  and  exhaustleas  fountains  of  invaluable  oils, 
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are  stored  away  by  nature  in  the  treasure-houses  of  oar  mineral  kingdom. 
Those  exhaustless  sources  of  mineral  wealth  are  not  the  result  of  common 
causes.  Ore,  coal,  and  oil  are  not  formations  resulting  from  tlie  evident 
processes  which  we  all  comprehend,  and  such  as  we  see  in  common  rocks 
and  slates;  but  they  appear  to  be  the  concentrated  wealth  of  all  our  litho- 
logical  creations,  separated  and  refined  in  the  great  laboratory  of  Nature, 
and  stored  carefully  away  in  the  "caves  of  the  earth"  for  the  use  of  her 
creatures. 

There  is  something  grand  and  wonderful  in  those  great  chemical  pro- 
cesses which  stored  our  earth  with  minerals,  even  though  we  speculate 
merely  on  their  cause  and  effect.  We  can  imagine  the  world  of  fire  which 
rolled  and  struggled  for  vent  in  the  bowels  of  the  earth,  the  immeasur- 
able volumes  of  gases  which  poured  from  these  smouldering  fires,  the 
great  volcanic  crucibles  and  the  oceanic  cauldrons  which  Nature  used,  if 
we  cannot  comprehend  the  modes  and  laws  of  her  great  chemical  opera- 
tions. Tlie  results,  however,  we  sec  and  realize.  They  give  to  man  the 
control  of  Nature's  domain,  and  subject  all  her  productions  to  his  use  and 
pleasure,  A  proper  appreciation  of  her  gifts  and  provisions  for  our  use 
will  make  us  "healthy,  wealthy,  and  wise,"  and  secure  us  peace,  power, 
and  prosperity. 
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CHAPTER    II. 

GEOLOGY. 

The  Creation — Mosaio  Periods — Geological  Slrueiure — Igneous  Koolra—Metaroorphic  Strata 
— PalEBOioio  Formations — Vertical  Column — Primal  Strata — Limestonea— Tlie  Great  Ap- 
palachian Valley  and  Appalachian  Mountains — The  Oil  Strata — Old  Red  Sandstone — 
Suboarboniferoua^The  Falsa  Coal  Measures — The  Red  Shales — Carhoniferoua  Limestone 
—The  Great  Conglomerate— The  Coal  Measures— Area  of  the  Appalachian  Coal  Forma- 
tioDS,  and  Thieltneea  of  their  Coal  and  Coal  Measures — Recent  Coal  Formations — The 
Juraaaio  Period— Richmond  Coal- F iold— Piedmont  Coal-Fiold— Dan  River  Coal-Field— 
Deep  River  Coal-Field — lignitea,  Sic. 

r       1 


We  propose  to  give  a  brief  preliminary  sketch  of  the  geology  of  tlie 
earth,  in  order  to  present  a  clear  and  comprehensive  view  of  the  geology  of 
coal  in  the  ascending  or  successive  order. 

The  creation  of  the  earth  cannot  fail  to  be  a  matter  of  speculation  to 
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those  who  seek,  in  material  cause  and  effect,  its  rule  of  existence,  to  whom 
it  is  not  given  to  see  the  work  of  a  divine  power.  But,  while  we  ascribe 
the  creation  of  the  universe  to  the  omnipotent  Jehovah,  let  us  pause  for  a 
moment  to  admire  the  infinitude  of  wisdom  and  power  displayed  in  the 
governing  influences  which  control,  to  our  finite  minds,  the  incomprehen- 
sible whole,  and  wonderingly  behold  the  harmony  of  Nature's  works,  the 
uniformity  of  motion,  the  laws  of  gravitation,  and  the  actions  and  forces 
of  heat,  and  recognize  in  the  various  developments  of  truth,  proven  by 
constantly-recurring  events,  the  work  of  a  divine  power  replete  with 
wisdom  and  love  in  all  the  structures  of  the  universe. 

CREATION  OF  THE  EAETH. 

Science  informs  us  that  our  planetary  system  existed  originally  as  a 
nebulous  sphere,  vaporized  by  heat,  which  appears  to  have  been  the  con- 
dition of  the  universe  under  the  original  laws  of  creative  force.  If  the 
ponderous  or  solid  matter  of  our  system  was  again  reduceil  to  vapor  so 
light  that  it  would  not  weigh  a  grain  to  the  cubic  mile,  it  would  not  fill 
our  sphere,  even  within  the  orbit  of  Neptune.  AVe  know  how  readily  all 
ponderous  or  solid  bodies  are  reduced  to  vapor  by  heat,  since  water  arises 
in  steam  at  212°  and  platina  is  vaporized  at  2000°,  while  the  lighter 
petroleums  escape  in  the  atmosphere  of  winter,  and  mercury  evaporates 
in  summer  heat.  But  these  facts  are  not  more  evident  to  us  than  the  laws 
of  condensation  and  gravitation.  If  heat  vaporizes  all  solid  bodies,  cold 
condenses  them ;  and  we  can  readily  conceive  how  a  nebulous  mass  of  vapor 
may  eontract  by  condensation  and  unite  by  the  laws  of  gravitation,  until 
masses  are  formed,  from  the  size  of  meteors  to  the  dimensions  of  worlds. 
Larger  bodies  attract  smaller  ones.  Meteors  &11  towards  the  earth,  as  the 
earth  is  attracted  by  the  sun,  and  only  prevented  from  fiiUing  into  it  by 
the  velocity  of  its  motion. 

To  illustrate  further,  we  may  state  that  motion  produces  heat,  as  heat 
produces  motion  or  force.  The  hammer  striking  the  anvil  produces  heat, 
while  rock  abrading  rock  strikes  fire.  But,  should  our  planet  be  suddenly 
arrested  in  its  course,  the  shoclt  would  generate  more  heat  tlian  the  com- 
bustion of  fourteen  times  its  bulk  of  coal.  Assuming  the  mass  of  matter 
composing  the  earth  to  be  equal  to  water  in  its  capacities  for  heat,  it  would 
be  fused  and  vaporized  by  17,200  degrees,  and  the  earth  or  its  vapors, 
after  being  thus  brought  to  rest,  would,  of  course,  fall  into  the  sun,  and 
be  thus  further  rarefied  by  an  additional  degree  of  heat  400  times  greater.* 

In  this  light  we  can  readily  comprehend  the  natural  forces  or  processes 
which  tend  to  dissolve  or  unite  ail  bodies,  however  large  or  small.  It 
must  be  observed,  notwithstanding  the  readiness  of  solids  to  escape  in 

*  Theories  of  Laplace. 
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vapop,  that  no  atom  of  matter  is  lost,  and  that  none  of  the  natural  forces 
are  wasted,  since  they  return  to  the  earth,  or  their  original  sphere,  in  equal 
weight  or  force.  A  common  instance  may  be  given  in  the  combustion  of 
coal  under  our  steam-boilers.  Here  we  see  both  water  and  coal  consumed, 
and  can  see  no  return  of  the  products  of  combustion:  yet  they  return, 
nevertheless,  in  rain  or  gas  to  the  earth  and  vt^etation, — and  not  only 
return  in  full  weight,  but  by  their  dynamic  effects  give  a  creative  force, 
which  is  employed  in  a  thousand  labors  by  the  ingenuity  of  man.  They 
create  a  tempest  of  steam  behind  the  piston  of  the  steam-engine,  equal  to 
the  force  of  a  hundred  hurricanes. 

Having  thus  given  faiiit  glimpses  of  the  natural  causes  controlling  and 
governing  the  creation  of  our  planetary  system,  since  we  cannot  be  more 
explicit,  we  may  now  contemplate  our  earth  as  condensed  from  the  heated 
vapors  of  the  nebulous  mass,  launched  forth  from  the  sun — a  fiery  ball — 
on  its  endless  path  through  space. 

In  its  swift  course  through  space,  or  its  orbit  round  the  sun,  our  earth 
gradually  contracted,  and  a  primitive  crust  of  granite  encased  the  liquid 
ball,  and  gradually  the  condensation  increased  the  thickness  of  the  igneous 
or  primitive  rocks,  as  the  inanimate  earth,  clad  in  dark  and  chaotic  vapors, 
pursued  its  way.  But  as  the  crust  becomes  thick  and  cool,  or  no  longer 
able  to  keep  the  surrounding  vapors  in  a  state  of  rarefaction,  they  return 
to  the  earth  in  the  form  of  water  or  liquids;  and  thus  we  have  the  first  day 
of  creation,  when  light  first  illuminated  the  darkness. 

"When  the  vapors  which  shrouded  the  earth  in  endless  night  were  con- 
densed in  rain  and  now  enveloped  it  in  water  and  steam,  the  second  day  of 
creation  was  ushered  in,  when  Grod  divided  the  waters.  But  from  the  first 
struggling  rays  of  light  which  penetrated  the  vapors,  until  they  were  con- 
densed from  the  "firmament"  and  the  sun  and  the  moon  gave  their  light 
to  the  earth,  long  ages  must  have  intervened;  while  nature  prepared  our 
globe  by  earthquake  and  volcano,  in  mountains  and  valleys,  for  the  suc- 
ceeding changes  which  took  place  during  the  third  day.  Then  the  waters 
rushed  together  in  the  deep  places,  and  the  elevated  portions  appeared  as 
dry  land,  and  grass  and  trees  first  made  their  appearance.  But  though 
mountain  and  sea  first  appeared  during  the  third  period  of  creation,  the 
formation  of  the  sedimentary  rocks  did  not  stop  then.  The  subterranean 
heat  was  too  groat  to  admit  of  the  existence  of  animal  life  in  the  water  or 
the  air;  the  earth  still  quaked  and  throed  with  internal  fires,  and  volcanoes 
still  vomited  their  lava  upon  the  boiling  waters. 

During  the  second  period,  probably,  the  metamorphic  or  crystalline  sedi- 
mentary strata  were  formed ;  and  during  the  third,  our  palEcozoic  formation 
was  deposited,  its  closing  event  being  the  production  of  the  coal  measures. 

The  "fourth  day,"  or  period,  broke  upon  a  comparatively  quiet  world, 
rich  in  its  green  freshness,  and  gilded  by  the  first  light  of  the  sun  and 
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moon  that  had  penetrated  its  dark  and  vapory  afmosphore.  The  cerulean 
blue  took  the  place  of  the  vapory  haze,  and  the  great  lights  of  heavun  now 
"ruled  the  day"  and  the  night.  Still  the  work  of  creation  went  on,  and 
mountain  succeeded  mountain,  here  and  there,  where  lakes  and  seas  had 
existed.  But  the  general,  almost  the  universal,  production  of  the  stratified 
crust  of  the  earth  was  limited  even  before  the  creation  of  coal,  and  almost 
suspended  at  the  close  of  the  fourth  period. 

The  "fifth  day"  of  Moses,  or  the  fifth  geological  period,  is  marked  as 
the  dawn  of  the  present  or  existing  animal  life:  those  hitherto  created 
were  low  in  the  scale  of  beings,  and  but  few  were  preserved  through  tlie 
violent  changes  and  commotions  of  the  primitive  earth. 

The  sixth  period  witnessed  the  earth  in  the  beauty  and  perfection  of  its 
finished  state,  and  all  animate  and  inanimate  nature  existed  as  it  now 
exists,  to  attest  the  power  and  wisdom  of  the  Creator, 

Having  thus  rapidly  and  briefly  attempted  to  run  a  parallel  between  our 
geological  formations  and  the  periods  of  the  Mosaic  creation,  we  shall  now 
proceed  to  give  a  practical,  though  equally  brief,  exposition  of  the  geological 
formations  and  periods  as  they  exist  in  the  litliological  structure  of  the 
eartli's  crust. 

GEOLOGICAL   STRUCTURE,— PLUTONIC. 

The  rocks  originally  forming  the  crust  of  the  earth,  and  resulting  from 
condensation  and  sublimation,  or  comparative  degrees  of  heat  and  cold, 
are  known  as  plvionic,  granitic,  or  igneous  rocks.  They  form  the  base  of 
all  subsequent  formations,  and  are,  in  fiict,  tbo  primary  elements  from 
which  all  our  lithological  structure  is  built  or  derived,  since  even  the 
volcanic  rocks  are  of  the  same  nature  and  origin. 

We  find  these  primary  or  igneous  and  unstratified  roclts  on  our  lowest 
shores  and  on  our  highest  mountains,  while  they  underlie  every  other 
formation  over  the  entire  surface  of  the  globe,  as  the  original  ci'ust  of  the 
earth.  From  its  internal  depths,  where  the  creative  fires  ever  struggled 
for  vent,  these  igneous  or  vohanic  rocks  were  poured  forth  in  rivers  of 
liquid  lava,  porphyries,  basaU,  gremstone,  &c.,  ar^d  deposited  through  all 
subsequent  ages  and  formations.  Therefore  the  plutonic  and  volcanic 
rocks,  though  primarily  the  oldest,  have  become  coextensive  and  eotem- 
porary  with  evexy  period  of  our  geological  or  lithological  strata-.  The 
igneous  maa^  from  which  they  were  derived  has  l>een  the  meansy  or  source, 
from  which  all  or  most  of  our  metamorphic  and  subsequent  sedimentary 
strata  have  been  formed,  either  through  the  agency  of  volcanic  eruption, 
which  vented  the  molten  lava  into  the  ancient  seas,  or  the  erosion  of  floods 
and  storms  on  the  decomposing  mountains,  which  were  exposed  when  the 
waters  were  gathered  together  and  the  dry  land  appeared. 

It  is  a   question  which  perhaps  would   not   be   difficult  of  solution, 
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wiiether  or  not  the  primary  elements — the  vapors  from  which  our  globe 
was  formed  or  condensed — contained  the  constituents  of  all  subsequent 
productions.  In  fact,  we  cannot  doubt  the  truth  of  this  proposition,  since 
it  is  evident  we  have  neither  lost  nor  gained  in  the  quantity  or  constituents 
of  the  material  elements  forming  tlic  earth  and  its  atmosphere  since  the 
days  of  creation. 

The  sixty-five  or  seventy  chemical  constituents  of  the  earth  or  its  matter, 
therefore,  not  only  existed  in  the  nebulous  vapor  forming  the  earth,  hut, 
of  course,  they  must  have  existed  in  the  plutonic  rocks  and  the  internal 
fiery  mass  of  the  earth,  or  the  atmosphere  surrounding  it.  We  thus  find 
in  the  bowels  of  the  earth  all  the  gases,  the  primary  elements  of  subse- 
quent chemical  production.  They  formed,  directly  or  indirectly,  our  coal 
and  our  coaUoU,  and  all  the  forms  of  vegetation  and  life  which  beautify  and 
animate  the  works  of  Nature. 


METAMOBPHIC. 

The  second  class  of  rocks  are  the  metamorpUa,  exclusive  of  the  volcanic, 
which  are  confined  to  no  period,  but  are  distributed  through  all  ages  and 
formations  and  are  the  production  of  all  periods,  even  to  the  present. 
The  metamorphic,  gneissic,  or  stratified  crystalline  rocks  repose  on  the 
granites,  or  plutonic  rocks,  wliich  have  no  stratification,  but  are  massive 
and  devoid  of  all  regular  cleavage.  But  the  gneiss,  though  approaching 
the  granites  in  appearance  and  constituents,  is  irregularly  stratified,  and 
evidently  a  sedimentary  rock,  or  aqueous  deposit,  but  metamorphosed  or 
crystallized  by  the  action  of  heat;  or,  in  other  words,  they  were  formed 
in  boiling  water,  and  are  the  results  of  volcanic  agencies  and  the  debris 
of  subaqueous  plutonic  formations.  The  metamorphic  rocks,  however,  are 
not  all  gneiss:  they  arc  widely  distributed,  and  exist  in  various  shapes 
and  under  various  names,  such  as  hornblende,  mica,  kdcosc  and  day  shies, 
talaose  and  hombkndio  gneiss,  quartz,  GrydaUine  limestone,  mica  schist, 
cfdoritio  schist,  &c.  &o.  These  rodts  exist  exclusively  in  North  America 
on  the  Atlantic  slope,  on  the  Laurcntian  water-shed,  north  of  the  great 
lakes,  in  the  Bocky  Mountains,  and  in  the  great  mountain  chain  of  Cali- 
fornia and  Oregon.  They  contain  most  of  our  veins  of  gold,  copper,  and 
magnetic  iron  ores,  and  particularly  the  copper  of  Lake  Superior  and 
Tennessee  and  the  gold-bearing  veins  of  the  Southern  States  and  California. 

In  Pennsylvania,  these  formations  have  been  divided  by  Eogers  into 
the  "ancient  metamorphic"  and  the  "semi-metamorphic,"  representing  the 
hypozoia  and  azoic  rocks,  or  those  destitute  of  the  ancient  life  or  fossiliferoua 
remains,  and  those  {hypo)  underlying,  or  beneath.  The  semi-metamorphic, 
or  azoic,  are  at  the  base  of  tlie  pakeozoic,  or  those  rocks  which  entomb  the 
ancient  life,  and  which  are  replete  with  fossiliferous  remaioB. 
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PALAEOZOIC  FOSMATIOSS. 
The  palieozoic  strata,  resting  on  the  metam Orphic,  insensibly  change 
from  tlie  semi-crystallinc  to  the  unaltered  sedimentary,  and  are  the  first 
rocks  ill  the  order  of  creation  which  contain  the  fossil  remains  of  animal 
life.  We  have,  therefore,  in  our  foregoing  sketch  of  the  Mosaic  creation, 
made  these  rocks  the  production  of  the  latter  part  of  the  third  day,  or 
period,  in  order  to  conform  with  the  Mosaic  account  of  creation.  The 
fifth  day  is  the  period  of  the  creation  of  the  present  or  existing  life,  not  the 
fossil  creations  of  a  past  age.  The  Mosaic  account  only  presents  to  the  eye 
8uch  prominent  features  or  pictures  of  the  Creation  as  the  common  mind 
could  comprehend,  (For  a  comparison  of  geology  with  the  Mosaic  or 
Biblical  account,  see  Appendix.) 

Our  palseozoic  strata  embrace  the  Cambrian,  BUurian,  Devonian,  an<l 
Carboniferous  formations  of  the  English  geologists,  and  occupy  one-half 
the  area  of  the  United  States,  or  nine-tenths  of  the  State  of  Pennsylvania, 
where  they  range  from  10,000  to  35,000  feet  in  thickness. 

The  accompanying  column  or  vertical  section  of  the  paljeozoie  strata  of 
Pennsylvania  presents  a  comprehensive  view  of  the  entire  formation,  from 
tlie  gneissic  to  the  carboniferous,  including  the  coal  measures. 

We  have  divided  the  column,  according  to  the  nomenclature  of  Rogers, 
into  fifteen  periods,  or  formations,  and  numbered  them  in  the  mode  adopted 
by  the  early  surveyors  of  the  State.  We  have  also  given  the  names 
adopted  by  the  geologists  of  New  York  and  the  English  equivalents,  in 
order  to  present  practically  t-o  the  eye  and  the  mind  of  all  classes  of  readers 
the  names  and  positions  of  the  roeka  forming  the  palfeozoic  strata  of  Penn- 
sylvania, The  many  new  names  adopted  by  the  geologists  of  different 
sections  for  the  various  strata  tend  to  confuse  the  mind;  but  we  hope  our 
]iresent  exposition  will  present  them  clearly. 

PALJE020IC   COLUMN. 
Fia.  2, 
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THE   PRIMAL   STRATA. 


The  lowest  series  of  roclis  in  the  palteozoic  column  is  the  Primal,  or 
Potsdam  sandstone,  which  covers  an  area  almost  coextensive  with  the 
gneiss  upon  which  it  rests,  and  is  found  from  the  British  provinces  on 
the  north  to  the  middle  of  Alabama  i&  the  sonth,  and  from  the  Bhu- 
Ilidge  on  the  cast  to  the  Eoehy  Mountains  and  the  mountains  of  Cali- 
fornia to  the  west. 

It  is  the  distinguishing  feature  of  the  Blue  Ridge  on  its  western  slope, 
and  notes  the  continuation  of  this  range  into  Pennsylvania,  as  the  Beading 
and  Eaaton  hills. 

AURORAL   AND   MATINAL   STRATA. 

The  second  and  third  series  are  the  Auroral  and  Matinal  limestones  and 
elates.  They  are  of  immense  thickness,  and  cover  a  vast  area  of  temtor^'. 
This  formation  seems  to  have  formed  the  bed  of  the  ancient  Appalachian 
sea,  and  is  traceable,  by  its  outcrops,  from  the  valley  of  the  Sf,  Lawrence, 
until  it  is  lost  beneath  the  alluvial  of  the  Gulf,  but  reappears  in  the  West, 
and  spreads  out  widely  in  Missouri,  and  on  the  anticlinala  of  the  Western 
coal-fields. 

Those  limestones  and  slates  form  one  of  the  most  magnificent  valleys  in 
the  world,  along  the  Atlantic  slope, — scarcely  second  to  the  valley  of  the 
Mississippi,  if  we  consider  the  productiveueas  of  its  soils,  the  richness 
and  variety  of  ita  minerals,  and  their  general  availability.  This  great 
region  extends  from  Canada  through  New  York  into  Pennsylvania,  Mary- 
land, Virginia,  Tennessee,  Georgia,  and  Alaliama. 

It  is  locally  known  by  various  names:  as,  the  Newburg  Valley,  the 
Lehigh  Valley,  by  Easton  and  Allentown,  the  Beading  and  Lebanon  Val- 
leys, the  Cumberland  Valley,  tlie  Great  Valley  of  Virginia,  the  Valleys 
of  East  Tennessee,  and  the  beautiful  valley  of  the  Coosa  in  Georgia  and 
Alabama,  embracing  a  length  of  about  1500  miles,  and  an  average  width 
of  20  miles,  covering  an  area  of  30,000  square  miles. 

Close  to  its  eastern  borders,  over  the  Blue  Ridge,  lie  the  gi'eat  region  of . 
magnetic  ores, — from  tlie  Adirondack  hills  to  the  Carolinas;  while  parallel 
run  the  copper  belts  of  the  gneissic  and  primal  formations.  It  is  the 
great  region  of  heraatitie  ores,  which  are  largely  developed  from  Pennsyl- 
vania to  Alabama. 

These  ores  are  generally  the  rich  brown,  or  Kydro-peroxide, — except  in 
a  few  localities,  as  at  the  great  magnetic  deposits  of  Cornwall,  Pennsyl- 
vania. They  not  only  produce  the  best  of  iron,  but  are  invaluable  as  a 
mixture  into  the  refractory  magnetics.  The  extent  and  profusion  of  these 
beds  of  ore,  which  extend  in  almost  unbroken  veins  from  end  to  end  of 
this  great  limestone  valley,  cannot  be  realized  by  persons  who  have  not 
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i  the  facts.  We  have  seen  masses  of  this  brown  ore,  that  may  be 
literally  tei'meci  mountains,  in  Virginia,  Tennessee,  and  Alabama.  It  is  aa 
inexhaustible  as  the  great  coal-fields  which  lie  along  its  western  border, 
and  which  are  almost  eveiy  where  accessible,  and  at  some  points  quite  near, 
— the  Lehigh  coal  at  Allentown,  the  Schuylkill  at  Reading,  the  Swatara 
at  Lebanon,  the  Shamokin,  Wyoming,  and  Broad  Top  at  Harrisburg,  the 
Cumberland  at  Harper's  Ferry,  the  Kanawha  and  New  Eiver  coals  at 
"Central"  on  the  New  Eiver,  the  Chattanooga  coals  at  Cleveland  and 
Dalton,  and  the  Coosa  coals  in  Alabama. 

This  great  valley  is  drained  by  the  waters  of  the  Atlantic,  as  far  south 
as  middle  Virginia,  and  is  everywhere  accessible  by  river  and  rail  from 
the  seaboard  cities.  The  Hudson,  Delaware,  Lehigh,  Schuylkill,  Susque- 
hanna, Potomac,  James,  and  Eoanoke  Rivers  drain  it  from  tlio  east  through 
the  passes  of  the  Blue  Ridge ;  while  the  New  River,  the  Holston  or  Ten- 
nessee, and  the  Coosa  di'ain  it  from  the  west  and  south. 

The  hard  and  flinty  rocks  of  the  Primal  series,  including  the  great  Pols- 
dam  sand-rock,  forms  the  eastern  confines  of  the  valley,  in  a  continuous  and 
almost  unbroken  line,  from  the  Lehigh  to  the  Chattahoochee, — a  vast  moun- 
tain chain  that  alternately  rises  or  sinks  as  its  strata  assume  a  high  or  low 
degree  of  angle,  but  always  a  mountain,  and  sometimes  stupendous  in  ifa 
grandeur. 

LEVANT,  SURGENT,   SCALENT,  ETC, 

The  immediate  western  boundary  of  tJiis  limestone  valley  are  the  rocks 
of  the  succeeding  or  Levant  series,  but  principally  the  great  Medina  sand- 
roch,  that  rises  in  vast  proportions  in  the  mountain  chain  that  forms  its 
western  edge.  It  rises  thin  and  low  in  Northern  New  York,  but  thickens 
as  it  sweeps  around  the  Catskill,  and  rises  grandly  as  the  Shawangunk 
of  New  Jersey,  the  Blue  Mountains  and  Kittatinny  of  Pennsylvania,  and 
the  North  Mountain  of  Virginia.  It  continues  its  course  south  parallel 
with  the  valley,  high  and  tmbroken,  towering  steeply  from  1500  to  2000 
feet  over  its  western  edge,  a  vast  mass  of  rock,  often  2000  feet  thick.  It 
is  locally  known  as  the  Walker  and  Clinch  Mountains  of  Northwestern 
Virgmia  and  Tennessee,  and  the  Lookout  Mountain  of  Georgia  and 
Alaljama 

But  this  great  Levant  or  Medina  sand-rock,  and  its  aflcompanying 
fetiata,  i^  not  merely  confined  to  this  single  parallel  range;  it  undulates 
westward,  and  rises,  in  high  anticlinals,  wave  after  wave,  until  lost  beneath 
the  coal-fields  of  the  West,  where  it  thins  to  insignilicant  proportions. 

SUEGENT   SHALES,  ETC. 

Overlying  the  Levant  sand-rock  are  the  Surgent  shales,  made  up  of  red 
calcareous  marls,  fossiliferous  limestones,  and  calcareous  sandstones,  coii- 
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taining  several  beds  of  rich  fossiliferoiis  iron  ore,  which  is  fonnd  from  NeW 
York  to  Alabama,  but  has  its  maximum  tliicknoss  or  value  on  the  Coosa 
in  Alabama. 

Following  the  Surgent,  in  ascending  order,  we  find  the  Scaknt  and 
Meridians  of  Kogers,  comprising  numerous  beds  of  gypseous  naarls,  lime- 
stones, shales,  and  thin  sandstones,  and  which  form  the  valleys  that  follow 
the  undulations  of  the  great  Levant  rocks.  But  though  these  valleys  run 
a  subordinate  range  of  bills,  formed  by  the  outcrops  of  the  Oriskany  sand- 
rock,  or  No.  YII, — a  coarse,  calcareous  took,  almost  a  limestone  in  its 
lower  beds,  but  a  hard,  iron^stained  chert  where  elevated  or  exposed  to 
the  atmosphere.     It  forms  the  celebrated  Pulpit  Rocks  of  the  Juniata. 

CADENT,  VERGENT,  AND  PONENT. 

The  Oriskany  sand-rock  appears  to  repi^esent  a  place  in  the  Ludlow 
roclcs  of  England,  and  the  base  of  the  Devonian  period  of  the  English 
geologist.  It  forms  a  break  in  the  Palaeozoic  strata,  and  forms  a  cliange 
of  the  ancient  life :  a  new  creation  begins  here. 

The  Cadent  sei'ies  are  made  up  principally  of  slates,  shales,  and  lime- 
stones, generally  highly  bituminous,  and  range  from  the  Corniferous  lime- 
stone to  the  Genesee  slates  of  New  York.  These  formations  may  be 
considered  as  the  lower  oU-^odudng  rocks,  commencing  with  the  cornife- 
rous lime,  which  is  saturated  with  oil,  wherever  found,  in  New  York, 
Pennsylvania,  or  Illinois.  The  following,  or  Vergent  series,  comprising 
the  Portage  and  Chemung  groups  of  New  York,  arc  also  bituminous  in 
character,  and  made  up  of  vast  beds  of  gray,  blue,  and  olive-colored 
shales,  and  gray  and  brown  sandstones,  in  thin  layers  or  flags,  parted  by 
bauds  of  soft  blue  slate,  and  abounding  in  fossils  of  fucoids  or  sea^weeds. 

The  Ponent  rocks  are  thick  masses  of  red  shales  and  red  and  gray 
sandstones,  and  are  represented  by  the  Catskill  of  New  York  and  the  Old 
Red  Sandstone  of  tiie  English. 

All  these  formations  have  their  maximum  thickness  along  the  Atlantic 
slopes,  or  the  eastern  borders  of  the  great  Appalachian  chain  or  basin,  and 
they  all  thin  rapidly  as  they  extend  westward,  witli  the  exception  of  the 
limestones,  which  appear  to  increase  in  thickness  as  they  approach  the 
interior  of  the  ancient  sea.  It  is  probable,  however,  that  the  rocks  forming 
its  eastern  boundary  will  also  be  found  to  predominate  along  its  western 
margin  and  on  the  eastern  slope  of  the  Black  Hills  and  the  Eocky 
Mountains.  (?)     The  old  red  sandstone  is  lost  in  the  western  basins, 

VESPERTINE. 

This  foiTuation  is  the  lower  base  of  the  coal  measures.  It  is  the  subcar- 
bonifei'ous  of  the  English,  and  contains  the  proto-oarboni/erous  or  false  coal 
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m(;::isarcs.  Its  features  are  bold,  characteristic,  and  prominent,  and  present 
mueii  uniformity  around  the  Anthracite  Coal-Baain,  the  detached  portions 
of  the  Alleghany  coal-field,  and  along  its  eastern  escarpment. 

The  vespertine  white  sandstone  is  of  great  tliickness.  Its  Atlantic  out- 
crop is  two  thousand  feet  thick,  while  the  supporting  "old  i-ed"  or  ponent 
is  nearly  a  mile  in  thickness.  These  immense  masses  of  rocks  rise  like  a 
framework  of  mountains  around  our  coal-fields,  follomng  them  in  parallel 
belts  of  red  and  white  with  artistic  and  picturesque  effect. 

Prof.  J.  P.  Lesley,  in  his  little,  but  valuable  and  interesting,  "  Manual 
of  Coal,"  from  which  we  have  borrowed  many  useful  fiicts,  thus  speaks  of 
those  red  and  white  sandstones  as  the  floor  or  base  of  our  coal-fields: — 

"The  Third  Great  Saniktohe  of  the  floor,  No.  X.,  is  not  so  remark- 
able for  introducing  a  new  era  of  fossil  life,  as  for  inaugurating  a  new 
system  of  groups  of  mountains  along  its  frequent  outcropping,  which 
keeps  them  always  and  everywhere  apart  from  the  groups  of  No.  IV. 
(Levant),  never  approaching  them  within  tliree  miles,  and  usually  running 
in  parallel  lines  with  them  at  a  variable  distance  of  from  ten  to  twenty 
miles,  the  intervals  being  always  filled  up  with  the  narrow  knohs  of  the 
Oriskany,  No.  VII.,  and  the  broad,  high,  undulating,  deeply-ravined,  and 
always  cultivated  hills  of  No.  VI I L 

"  On  the  out  or  lower  side  of  all  these  mountains  of  X.,  runs  an  uneven 
terrace  of  the  red  sand  of  IX. ;  and  in  those  regions  where  the  rocks  stand 
vertical,  this  teiTace  rises  to  a  separate  summit  of  equal  height  with  tlie 
true  summit,  and  beautifully  parallel  with  it;  a  narrow,  shallow  crease 
divides  tlie  double  summit,  and  then  the  long,  straight  mountains,  with 
twin  CTests  of  wonderful  evenness,  but  with  this  difference,  that  the  outside 
one  is  red  and  the  inside  one  is  white,  runs  along  the  map  like  the  double 
beading  of  a  picture-fi-ame.  This  is  true  of  all  that  southeastern  outcrop 
which  encircles  the  Anthi-acite  Coal-Basins,  folding  sci-upulously  in  and 
out  ai'ound  their  long  sharp  points,  crossing  and  recrossing  the  rivers  and 
creeks,  and  presenting  always  outwardly,  or  from  the  coal,  its  terrace  of 
old  red  sandstone.  The  same  red  and  white  frame  is  repeated  around  the 
Broad  Top  Coal-Basin,  south  of  the  Juniata. 

"  The  Terrace  Mountain  is  its  northern  point  and  western  side,  and  Side- 
long Hill  is  its  eastern.  The  same  surrounds  the  Cumbeihnd  Coal 
Region.  This  is  the  formation  whirh  constitutes  so  many  of  the  long, 
straight  parallel  ridges  of  Centiil  and  Southwestern  Viiginn  Like 
the  Medina  sandstone  last  described,  it  is  of  immense  thickness  m  the  east 
and  thins  rapidly  towards  the  west  Its  Atlantic  outcrop  is  over  two 
thousand  feet  thick,  hai'd  and  white,  while  its  supporting  red  rocks.  No. 
IX,,  are  at  least  a  mile  in  thickness.  Only  the  upper  part  of  this  red 
mass,  however,  forms  the  terrace  or  supplementary  crest,  except  when  they 
all  lie  nearly  horizontal.     This  is  the  case  with  the  Catskill.     Here  the 
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vast  piles  ascend  in  steps  a  height  of  three  thousand  feet,  IX.  upon  YIII. 
and  X.  upon  IX.,  and  on  top  of  all  the  lower  layers  of  XI.  But  as  v/o 
follow  this  easternmost  outcrop  south  through  Virginia  into  Tennessee, 
it  slowly  thins,  as  if  the  original  direction  of  the  sediment  was  iroin  the 
north  and  east.  Yet  more  striking  is  the  case  when  wo  pass  over  fo  its 
inner  outcrops.  Around  the  Broad  Top,  and  where  it  passes  down  beneath 
the  Great  Savage,  it  is  still  a  mountain  ma^,  but  it  rises  again  in  Ohio  and 
Northern  Pennsylvania  fram  its  underground  journey  so  lean  and  changed 
as  scarcely  to  be  recognized.  It  is  tliere  a  greenish  sandstone  less  than 
two  hundred  feet  thick.  The  whole  intermediate  space,  of  course,  it 
underlies;  that  is,  all  Northern  and  "Western  Pennsylvania,  all  Wcsta'n 
Virginia,  and  the  whole  southern  region  of  the  Cumberland  Mountain. 
Here  it  is  as  thin  as  in  the  Catskill  region,  but  here,  as  there,  helps  to  pile 
up  the  immense  plateau  wJiich,  narrowing  as  wo  go  southward,  domineers 
with  its  lofty  terminal  crags  the  plains  of  Alabama." 


THE   FALSE   COAL   MEASURES. 

The  falsa  or  proto-carboniferous  formation  overlie  the  vespertine  rocks. 
This  formation  is,  perhaps,  ootemporary  or  of  the  same  era  with  the 
English  lower  coal  series,  beneath  the  millstone  grit.  It  rarely  develops 
in  any  commercial  value  in  our  American  formations,  but  is  coext-ensive 
with  the  Appalachian  Coal-Basin.  We  find  thin  traces  of  coal  and  coal-  , 
slates  beueatli  the  red  sltale  or  on  the  vespertine,  around  the  anthracite 
formations,  and  everywhere  along  its  Inside  or  upper  face  from  the  Catskill 
to  the  Lookout,  and  at  the  base  of  the  eastern  escarpment  of  the  Alleghany 
Mountains  thin  seams  of  tliis  coal  have  been  found,  and  many  have  picked 
and  pried  into  them  without  profit,  except  in  practical  experience.  Those 
false  coal  measures,  and  the  thin,  imperfect  coals  they  bear,  have  been 
opened  or  proved  near  Altoona,  on  the  Pennsylvania  Railroad,  at  the  base 
of  Sidelong  Hill,  Berkeley  county,  on  the  north  branch  of  the  Shenandoah, 
in  Augusta  county,  and  on  the  New  River,  in  Montgomery  county,  Vir- 
ginia, and  in  other  localities  further  south.  But  the  coals  of  this  system 
have  never  been  developed  in  workable  quantities  or  of  marketable  value, 
except  on  the  New  River,  in  Virginia;  and  here  we  find  a  truly  vainable 
deposit  of  workable  and  marketable  coal.  But  even  here  there  is  no 
uniformity  of  strata,  and  mining  operations  are  subject  to  numerous  inter- 
ruptions from  "up-throws"  and  "donTi -throws,"  and  frequent  feults  of 
slate  and  dirt,  which  mar  the  coal.  Yet  this  is  a  valuable  deposit,  never- 
theless, and  deserves  an  extended  notice  in  connection  with  the  coal-fields 
of  Virginia  and  the  South,  and  which  will  be  found  further  on  in  its 
appropriate  place,  from  our  own  practical  experience. 
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UMBRAL   RED   SHALES. 

We  have  now  reached  the  red  shales  of  our  eoal-ficlds,  so  well  known, 
and  so  easily  distinguished  by  their  peculiar  color  and  thin,  soft,  and  gene- 
rally friable  nature.  This  must  have  been  a  pure  red  mud,  as  it  now  forms 
the  softest  of  rocks,  and  could  only  have  been  the  shore  deposits  of  a 
quiet  sea. 

This  soft  red  shale  of  No.  XI.  encircles  our  coal-fields  between  the 
vespertine.  No.  X.,  and  the  next  overlying  or  great  conglomerate,  No. 
XII.  of  the  true  coal  measures.  It  is  generally  cut  down  by  the  stream 
in  tow,  deep  valleys,  with  tine  vespertine  white  roclts  towering  in  mountain 
form  on  one  side,  and  the  great  conglomerate  in  almost  equal  bulk  on  tlie 
other.  Occasionally  these  red  shale  valleys  are  widened  out  by  the  undu- 
lation of  the  strata,  and  present  fertile  and  cultivated  valleys  amid  the 
wild  and  barren  mountains  of  X.  and  XII.  We  may  note,  for  instance, 
the  Qualiake,  Nescopeck,  Catawissa,  Mahantango,  and  Lykins  valleys,  as 
surrounding  the  anthracite  coal-fields;  while  others  of  more  or  less  note 
exist  around  the  Alleghany  spurs  and  the  detached  coal-basina  on  the 
waters  of  the  Susquehanna. 

Thb  deposit  thins  rapidly  in  a  western  direction.  Though  it  is  3000 
feet  thick  on  the  Schuylkill  and  Lehigh,  south  of  the  anthracite  fields,  and 
1000  at  Broad  Top  and  on  the  New  Kiver,  in  Southwestern  Virginia,  it 
is  only  200  feet  thick  in  the  eastern  escarpment  of  the  Alleghany,  along 
the  head-waters  of  the  Juniata,  and  is  lost  to  view  before  it  reaches  the 
Alleghany , and  Monongahcla  Rivers. 

This  disappearance  is  owing  more  to  a  metamorphism  than  a  deprecia- 
tion. We  lose  sight  of  the  red  shale,  but  it  is  simply  a  change  from  the 
red  mud  of  the  eastern  shore  of  the  Appalachian  Sea  to  the  mountains  or 
great  carboniferous  limestone  of  its  interior  basins.  The  limestone  pre- 
dominates and  increases  invariably  towards  the  centre  of  the  Appalachian 
formations;  while  the  sandstones,  shales,  slates,  and  coarse  conglomerates 
of  its  eastern  margin  depreciate  in  tlie  same  direction,  and  all  those 
formations  become  finer  in  grain  as  they  become  changed  in  bulk  and 
character.  This  Umbral  limestone,  which  usurps  the  place  of  the  Umbra! 
shale,  is  very  thin  on  its  northeastern  edges ;  commencing  in  the  middle  of 
the  red  shales  but  a  few  feet  thick,  it  increases  in  thickness  in  a  south- 
western direction  as  rapidly  as  the  red  shale  diminishes.  But  this  great 
carboniferous  limestone — identical,  undoubtedly,  with  the  British  carbon- 
iferous lime — does  not  appear  to  diminish  in  the  same  proportion  towards 
the  western  margin  of  the  ancient  or  Appalachian  Sea  It  is  found  in  the 
Black  Hills  and  the  Eocky  Mountains,  and  even  farther  west,  to  the 
plateaus  of  Sonera  and  the  Sierra  Nevada,  of  Califoniia,  giving  positive 
evidence  of  the  existence  of  coal  in  those  great  western  unexplored  regions. 
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THE   GREAT   CONGLOMERATE. 

This  13  the  fourth  gi-eat  sand-rock  in  the  palaeozoic  formations,  and  is 
the  immediate  floor  or  base  of  the  true  coal  measures.  It  ia  deposited  on 
the  raud  of  the  umbral  red  shales  in  the  east,  where  it  is  of  great  thick- 
ness, and  is  composed  generally  of  a  conglomeration  of  pure  white  water- 
worn  quartz  pebbles,  from  the  size  of  a  pin-head  to  that  of  a  pigeon's  egg, 
cemented  together  by  natural  processi^, 

This  rock  is  1000  feet  thick  on  the  eastern  and  southern  edges  of  tlie 
anthracite  coal-fields,  but  gradually  thins  in  a  northwestern  direction  to  a 
mere  plate  of  coarsegrained  sandstone, — occasionally  presenting  conglome- 
rate pebbles, — from  ten  to  thirty  feet  in  thickness,  and  extending  from 
Pennsylvania  to  Alabama,  Missouri,  and  beyond. 

This  great  bed-roek  of  the  coal-fields  is,  to  a  certain  extent,  indestructi- 
ble. It  hardens  in  the  atmosphere,  and  yields  not  to  the  action  of  water. 
There  are  but  few  rocks  which  are  harder  and  more  tenacious,  or  which 
have  yielded  less  to  the  abrasion  of  the  denuding  forces,  AVe  quote  still 
further  from  Prof.  Lesley's  manual : — 

"This  much,  however  is  certain,  and  should  excite  our  admiration  as 
one  of  Uiose  curious  coincidences  which  may  well  bear  the  name  of  Provi- 
dence, and  be  received  as  evidences  of  the  foretliought  of  benevolence, 
that  we  are  indebted  to  this  enormous  local  eastward  tlilckening  of  the 
conglomerate  proper  and  the  conglomerates  sandstone  above  it,  for  our 
anthracite  treasures. 

"Had  the  rocks  beneath  the  anthracite  coal  been  the  mere  thin  sheets  of 
sand  which  they  are  westward,  weakened  still  further  by  intercalations  of 
clay  and  coal,  their  outcrop  edges  never  could  have  witlistood  the  rush  of 
denuding  waters,  and  protected  as  they  did  the  mineral  fuel  within  their 
gigantic  folds.  What  now  are  groups  of  long,  slender,  united,  or  closely- 
parallel  coal-baains,  would  have  been,  but  for  this  protection,  wastes  of  red 
sandstone,  or  deep  lakes  in  the  olive  sliales  of  No.  VIII.,  like  those  of  the 
north.  The  comparatively  little  coal  that  has  been  hardly  left  in  these 
small  basins  would  have  gone  the  way  of  all  that  vast  original  deposit 
tlio  debris  of  which  lies  buried  under  the  profoundcst  bottoms  of  the 
Atlantic,  together  with  the  immensely  greater  ruin  of  the  formations 
underlying  and  preceding  it." 

THE   COAL   MEASURES. 

In  this  outline  sketch  we  wish  to  present  clearly  and  in  a  practical 
manner,  not  only  the  place  of  Cbal  among  the  roeks,  but  to  illustrate  briefly 
tiie  e.-itent  of  our  great  Appalachian  formations,  or  the  immense  area  of 
the  American  coal-fields  within  its  wide  embrace,  which  reaches  from  the 
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Ijfiurentian.baaiiis  to  the  eane-bi-akes  of  Alal>ama,  and  from  the  anthracite 
fields  of  Pennsylvania  to  the  uncertain  deposits  of  the  Black  Hills  on  the 
eastern  slope  of  the  Rocky  Mountains. 

The  greatest  development  of  the  coal  measures  or  the  eoai  which  they 
contain  is  on  its  eastern  borders,  in  the  anthracite  basins  of  Pennsylvania, 
and  the  great  Alleghany  coal-field,  which  occupies  so  lai^e  a  part  of  its 
vast  area;  and  this  seems  to  be  in  conformity  with  the  subordinate  stratas, 
which  also  have  their  greatest  development  along  their  Athintio  margin. 
The  average  vertical  tliickness  of  the  workable  Pennsylvania  anthracites 
being  sixty  feet,  while  its  total  or  maximum  thickness  will  reach  over  a 
hundred  feet;  the  workable  coals  of  the  Cumberland  basins,  in  Maryland, 
is  thirty-five  feet,  while  the  maximum  is  about  fifty  feet.  The  average 
workable  thickness  of  the  Alleghany  coal-field  is  twenty-five  feet,  while 
its  maximum  is  fifty  fe«t.  The  average  workable  thickness  of  most  of  the 
developed  "Western  fields  is  ten  feet,  while  tJie  maximum  may  be  comjmted 
at  twenty-five  feet;  and  thus  we  find  a  gradual  thinning,  of  not  only  tixe 
subordinate  strata,  but  also  the  ovei'lying  coals  which  they  support,  from 
the  east  to  the  west.  But  we  may  here  state  the  iact,  our  extreme  western 
margin  of  tliis  great  coal  area  is  to  the  present  generation  a  teiTa  incognita 
as  far  as  its  geology  and  minemls  are  concerned,  and  we  cannot  say  to  wliat 
extent  the  common  depreciation  has  been  cai-ricd  beyond  the  central  basins. 

TTITCKNESS  AND  AREA  OF  THE  APPALACHIAN  COAL   FORMATIOSS. 

In  this  estimate  of  the  Appalachian  coal  areas,  we  are  guided  by 
Prof.  Eogere,  who  has  furnished  the  latest  available  information  on  the 
subject. 

"The  eastern  half  of  the  continent  contains  five  great  coal-fiekls,  dis- 
tributed at  intervals  from  Newfoundland  to  Arkansas. 

"The  first,  or  most  easterly,  is  that  of  the  East  British  provinces, — 
Newfoundland,  Nova  Scotia,  Cape  Breton,  and  New  Brunswick, — originally 
a  wide  coal-field,  broken  into  patches  by  uplifts  of  the  older  strata  and  by 
the  waters  of  the  St.  Lawrence  Gulf.  The  surface  covered  by  the  coal 
measui-es  of  the  provinces  is  probably  about  9000  square  miles,  but  appa- 
rently only  one-tenth  of  this  area  is  productive  in  coal, 

"The  second,  which  I  Irnve  called  elsewhere  the  great  Appalachian  coal- 
field, commences  in  Pennsylvania  and  extends  southwest  to  near  Tu.sea- 
loosa,  in  Alabama,  This  includes  several  outlying  lesser  basins, — those, 
for  example,  of  the  anthracite  coal  in  Eastern  Pennsylvania.  It  has  a 
total  area  of  70,000  square  miles. 

"The  third  is  the  smaller  coal-field  of  the  centre  of  Michigan,  equidis- 
tant from  Lake  Huron  and  lyake  Michigan.  The  area  of  this  may  be 
given  at  about  15,000  square  miles.     It  is  deficient  in  coal. 
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"The  fourth  is  the  groat  coal-field  lying  between  the  Ohio  and  Missis- 
sippi antieliuals,  and  spreading  in  the  form  of  a  wide  elliptical  flat  basin 
from  Kentucky  north  through  Indiana  and  Illinois  to  Eock  River.  This 
possesses  an  estimated  area  of  50,000  square  miles. 

"The  fifth  and  most  west  is  a  long  and  large  coal-field,  occupying 
the  centre  of  the  great  basin  of  carboniferous  rocks  which  spreads  from 
the  Mississippi  and  Ozark  anticlinals  west  to  the  visible  limits  of  tlie 
palfeozoic  region,  where  it  is  overlapped  by  the  Middle  Secondary  and 
Cretaceous  deposits  of  tJie  prairies.  The  northern  limit  of  this  coal-field  is 
in  Iowa,  on  the  Iowa  River;  the  southern  is  near  the  Ked  River  on  the 
western  confines  of  Arkansas;  and  the  totel  area  of  the  great  irregular 
basin  is  not  less  than  57,000  square  miles. 

"Summing  up  the  several  areas"  here  defined,  we  perceive  that  the 
broad  coal-fields  of  North  America  occupy  the  enormous  space  of  at  least 
200,000  square  miles,  or  more  than  twenty  times  as  large  a  surface  as  that 
which  includes  ail  the  known  coal  deposits  of  Europe,  or  probably  of  the 
Eastern  Continent. 

THICKNESS. 

"  Comparative  measurements  of  the  thickness  of  these  several  deposits  of 
the  Ajuorican  coal-fieJds,  indicate  a  marked  reduction  from  the  east  towards 
the  west.  Those  of  the  Nova  Scotia  field,  as  measured  at  tlie  South 
Joggins,  Bay  of  Eundy,  show  a  thickness  of  nearly  3000  feet;  those  of 
the  southeastern  anthracite  basin  of  Pennsylvania,  an  average  thicknei>s 
about  as  great;  M'hile  the  central  portion  of  the  great  Appalachian  bitumi- 
nous basin  has  a  depth  not  exceeding  2500  feet.  Those  again  of  the  Illi- 
nois basin  are  probably  not  thicker  than  1500  feet;  while  the  last,  the 
Iowa  and  Missouri  basin,  is  evidently  much  shallower,  its  total  depth  not 
surpassing  probably  1000  feet. 

"In  Nova  Scotia,  the  coal-fields  contain,  in  the  Joggins  pertion,  in  all 
about  fifty  seams  of  coal,  only  five  of  which,  however,  are  of  workable 
dimensions.  These  are  equivalent  to  about  twenty  feet  of  coal.  In  the 
deepest  anthracite  basin  of  Pennsylvania,  that  of  Schuylkill,  there  are, 
where  the  formation  is  thickest,  about  fifty  seams  in  all;  but  twenty-five 
of  these  have  a  diameter  exceeding  three  feet  and  are  available  for  mining. 
In  the  great  Appalachian  coal-field  there  appear  to  be  twenty  beds  in  all, 
and  nine  or  ten  of  these  are  of  workable  size.  -  Again,  in  the  broad  basin 
of  Illinois,  Indiana,  and  Kentucky,  the  total  number  amounts  to  eighteen ; 
and  it  is  believed  that  seventeen  of  these  are  of  a  size  ^d  quality  suitable 
for  mining.  Only  two  or  three  such  are  believed  to  exist  in  the  shallow 
and  raucli  denuded  basin  of  Michigan. 

"  Still  further  west,  the  coal-fields  of  Iowa  and  Missouri  contain,  it  is 
believed,  only  two  or  three  beds  thick  enough  to  be  profitable,  while  the 
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total  number  of  scrims  of  all  sizes  is  probably  not  more  than  twelve  or 
thirteen."* 

KECENT   COAL   FORMATI0S3. 

We  cannot  properly  close  this  geological  sketch  of  the  rocks  of  the 
earth  and  the  place  of  coa!  among  them,  without  referring  to  the  coal 
formations  of  a  later  date  than  our  true  carboniferous  coal  measures.  Of 
those  later  formations  we  have  several  deposits  in  Virginia  and  North 
Carolina. 

The  palasozoic  strata  of  this  continent  are  rarely  overlaid  by  the  more 
recent  formations,  except  in  the  western  and  less  explored  portions;  while 
in  England  we  find  the  new  red  sandstone  and  magnesian  limestone  imme- 
diately overlaying  the  coal.  It  has  been  reported  that  we  have  a  small  coal 
formation  known  as  the  Permian, — which  belongs  geologica.lly  immediately 
above  the  true  coal  measures, — over  the  coal  of  one  or  two  of  our  western 
fields.  Mostof  our  new  or  late 
deposits  lie  along  the  ocean 
belts  and  amid  the  oldest  rocks 
of  the  earth.  Thus,  for  instance, 
we  find  the  Jurassic  coals  of 
Virginia  and  North  Carolina 
deposited  in  or  on  the  granite 
and  gneiss  rocks  of  those 
States. 

The  Jurassic  is  of  later  date 
than  the  Permian  and  Triassic, 
and  nearly  cotemporary  with 
the  Oolitic. 

In  Older  to  embrace  a  full 
'■tratigiiphical  view  of  Ameri- 
can gcnlogy,  we  give  an  illus- 
tration of  the  formations  fol- 
low jng  the  palffiozoic  in  order. 
Tliiicolumn,  it  will  beobserved, 
rests  on  the  granite, — an  un- 
usual and  perhaps  anomalous 
position, — but  nevertheless  re- 
presents the  true  status  of  those 
formations  The  Jui  issic  contains  the  coal  of  Richmond  and  Deep  River, 
while  the  foiniations  renting  in  the  oider  of  their  age  ibove  it,  are  ail 


*  The  reader  !a  referred  to  Clinpler  XIX.     We  have  found  it  neoesaary  to  clmngc  lliesn 
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tleposits  of  a  latp  period,  and,  in  tliis  county,  are  generally  found  resting 
on  tlio  older  roeks  which  now  bound  these  ocean  shores. 

We  will  merely  notice  those  Jurassic  or  recent  coal-fields  in  the  present 
connection,  resei'ving  an  extended  description  for  its  appropriate  place  in 
tlie  ensuing  pages. 

The  KiCHMOND  COAL-FIELD  Iies  on  or  in  a  deep — perhaps  volcanic — 
depression  in  the  granite.  It  is  about  thirty  miles  long  by  five  miles 
wide,  and  eontaina  one  hundred  and  eighty  square  miles  of  coal  formation. 
The  depth  of  the  basin  is  about  one  thousand  feet;  the  average  thicknes.'s 
of  its  coal  is  about  twenty-four  feet.  It  is  highly  bituminous  and  gaseous, 
disintegrates  readily  in  the  atmosphere,  and  is  liable  to  spontaneous  com- 
bustion. 

The  PlEDJtOKT  COAL-FIELD  is  On  the  Appomattox,  in  Prince  Edward 
and  Cumberland  counties,  Virginia,  ranging  in  a  northeast  and  southwest 
direction  from  the  Roanoke  to  the  James.  The  formation  rests  on  the 
gneiss,  and  is  frequently  cut  and  interrupted  by  trap  dikes.  The  coal- 
bearing  strate  are,  perhaps,  not  more  than  twenty  miles  long  by  three  miles 
wide,  containing  an  area  of  leas  than  twenty  square  miles  of  coal.  It  con- 
tains seven  or  eight  seams,  ranging  from  six  inches  to  three  feet  in  thickness, 
and  not  more  than  nine  feet  of  workable  coal,  of  a  sulphurous  and  earthy 
nature. 

The  Dan  River  coal-pield  has  yet  no  fixed  location  or  name.  It 
extends  from  Leakeaville  to  Germantown,  a  distance  of  thirty  miles,  in 
the  same  general  northeast  and  southwest  direction.  The  formation  is  in 
tlie  vicinity  of  the  gneiss,  but  is,  we  believe,  underlaid  by  sandstones  and 
slates.  The  coal  is  semi-bituminons,  and  contains  specimens  similar  to  the 
Pennsylvania  anthracites.  The  seams  are  limited  and  small.  We  take 
this  to  be  a  continuation  of  the  Piedmont  basin. 

The  Deep  River  coal-field  of  North  Carolina  rests  unconformably 
npon  the  mica  slates  of  the  gneissic  period,  and  the  material  making  up 
the  formations  is  chiefly  derived  from  the  gold  belt  in  the  immediate 
vicinity.  The  axea  underlaid  with  coal  is  about  fo%-five  square  miles, 
rive  seams  of  coal  exist,  the  main  one  being  from  five  to  six  feet  thick. 

We  may  merely  mention  here  the  existence  of  other  mineral  combusti- 
bles, such  as  lignite,  &c.,  which  are  found  in  still  more  recent  formations; 
but,  as  ive  do  not  propose  to  devote  much  time  or  space  to  their  consider- 
ation, it  is  not  advisable  to  extend  this  geological  sketch  for  the  purpose. 
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CHAPTER      III. 

F0R3IATI0S    AXB   OlilG  TN    OF    THE   APPALACHIANS. 

The  Appalachian  Basin — Ancient  Appalachian  Sea — Eiatcm  Volcanic  Coast  Range — Depth 
of  the  Sea — Ancient  and  Modern  Formations— Depression  of  the  Crust — Lateral  Con- 
traction— The  Great  Limestone  Bed  of  the  Sea — Its  Immense  Store  of  Carbon — Carbonic 
Acid  and  Hydro-Carbon — Red  Shales — Ooaglomorates — Coal  Weasures  of  tlio  Ancient 
Basin — Ancient  Eiyers — Drainago  of  the  Continent — riijsioal  Clianges — Condensation 
— Vacuum — Inverted  Strata — Deep  Basins. 

THE  COAL  VEGETATION  COMMENCED, 
In  the  present  chapter  or  stage  of  our  work  it  seems  essential  that  we 
should  present  a  concise  view  of  the  probable  erection  of  the  Appalachian 
mountain-chain,  and  the  great  basin  which  by  common  consent  appears 
to  bear  their  name,  in  all  descriptions  of  that  ancient  sea  which  formerly 
occupied  the  eastern  half  of  our  continent,  and  which  is  now  occupied  by 
those  great  rang(a  of  mountain  and  valley  from  the  Blue  Kidge  to  the 
Rocky  Mountains. 

So  little  is  known,  practically,  of  this  the  greatest  mass  of  the  earth's 
physical  proportions,  that  we  propose  to  state  simply  such  facts  as  are 
well  attested,  or  self-evident,  in  relation  to  its  ancient  bed,  the  origin  of 
the  strata  which  now  occupy  its  deep  recesses,  and  the  natural  processes 
which  occasioned  the  change.  We  propose  to  separate  fact  from  theoiy 
as  far  as  possible;  but  our  conclusions  must  occasionally  be  theoretical. 
Yet,  as  a  preliminary  introduction  to  the  origin  and  formation  of  our  coal- 
Jklds  resting  in  and  on  tliose  Appalachian  basins,  it  seems  peculiarly 
appropriate  that  we  should  first  consider  the  origin  and  nature  of  the  older 
and  supporting  formations ;  since  it  will  appear  evident,  as  wc  proceed,  tliat 
the  production  of  the  first  was,  to  a  great  extent,  necessary  to  tlie  forma- 
tion of  the  second. 

THE   ANCIENT  APPALACHIAN   SEA. 
The  margin  of  this  ancient  sea  is  not  only  now  plainly  defined  to  the 
eye  of  the  geologist,  but  an  investigation  of  tlie  fact  would  lead  to  the 
same  result. 

In  the  first  place,  we  do  not  merely  infer,  but  wc  know,  that  originally 
the  highest  portions  of  t!ie  earth  were  mountains  of  the  plutonic  rocks, 
granit«,  &c.,  and  that  tlie  boundaries  of  the  ancient  seas  must  have  been 
those  walls  of  granite, — since  tlie  gneiss,  or  first  sedimentary  rocks,  could 
not    exist    until    those   mountain-barriers   were    erected    to   confine   the 
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ancient  waters,  in  which  only  the  cryetalhne  or  stratified  gneiss  could  be 
formed.  It  is  thus  evident  that  the  great  zoue  of  granite  and  gneiss  which 
extends  from  Newfoundland,  or  Nova  Scotia,  in  the  northeast,  to  the  end 
of  the  great  Appalachian  chain  in  Greorgia,  or  perhaps  to  Cuba  and  beyond ; 
and  from  the  same  point,  north  of  the  St.  Lawrence  and  the  great  lakes, 
must  have  been  the  northeastern  and  southeastern  boundary  of  the  ancient 
sea.  That  this  great  zone  or  belt  of  granite  was  originally  an  elevated 
mountain-range,  cannot  be  doubted,  since  it  is  positive  that  the  waters 
which  it  confined  were  once  as  high  aa  the  tops  of  the  Alleghanies.  We 
are  not  left,  however,  to  bare  statements  of  this  fact,  since  part  of  this 
great  and  ancient  mountain-range  still  exists,  with,  perhaps,  much  of  its 
olden  grandeur. 

We  may  merely  mention  the  granite  hills  of  New  Hampshire  and 
Maine,  before  we  offer  in  evidence  the  vast  and  stupendous  granite  moun- 
tains which  pile  up,  in  successive  ranges,  along  the  eastern  margin  of  the 
Appalachian  basin,  in  Southwestern  Virginia,  Northwestern  North  Caro- 
lina, East  Tennessee,  and  North  Georgia.  Here,  where  the  denuding 
agencies  of  the  escaping  waters  had  no  effect,  the  eastern  barriers  of  tlte 
ancient  sea  still  exist;  and,  had  not  the  destructive  effects  of  fire  and 
water  operated  more  violently  in  the  northeast  than  the  southeast,  we 
should  still  find  those  impassable  mountains  barring  our  way  to  the  West 
and  cutting  us  off  from  the  coal  of  the  inland  valleys:  in  fact,  we  should 
have  mountains  where  we  now  have  plains,  and  barren  hills  of  granite 
where  our  cities  now  stand. 

In  order  to  strengthen  the  evidence  still  more,  we  may  cite  the  ^t  that 
along  this  entire  line  or  belt  of  granite  unmistakable  evidence  is  found  of 
its  early  volcanic  nature.  Deep  dykes,  aa  the  last  effects  of  expiring  volca- 
noes, are  found  from  Nova  Scotia  to  Georgia,— generally  along  the  eastern 
margin  of  the  gneiss,  but  frequently  through  it. 

The  iacts  here  stated  must  be  borne  in  mind,  to  properly  appreciate  the 
fects  which  are  to  follow.  Having  given  tlie  bounds  of  the  ancient  sea, 
we  may  now  stote  its  depth ;  and  here  we  are  not  leA  to  mere  conjecture, 
for  the  thickness  of  the  Palffiozoic  strata  which  now  fill  its  bed  is  evidently 
the  measure  of  its  depth. 

The  sum  of  their  thickness  has  been  measured  pretty  accurately  by  the 
geologists  of  the  State.  It  ranges  in  the  east  from  25,000  to  35,000  feet, 
or  from  5  to  7  miles,  in  thickness!  Now,  when  we  consider  that  the 
Paleozoic  formations  are  only  part  of  the  sedimentary  rocks,  which  fill  tlie 
deep  caves  of  the  ancient  sea,  that  the  metamorphic  or  crystalline  sedi- 
mentary strata  still  underlies,  perhaps  to  the  depth  of  10,000  feet,  or  two 
miles  more,  and  that  the  present  elevation  of  the  remaining  portions  of 
the  ancient  mountain-barrier  in  Virgmia  and  Pennsylvania  is  elevated  at 
least  five  thousand  (5000)  feet  above  the  sea,— a  base-line  we  have  adopted,— 
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we  can  form  some  conception  of  the  enormous  depth  of  the  great  sea  to 
the  east.  This  computation  would  give  a  depth  of  ten  miles.  But  there 
are  modifications  of  this  estimate,  such  as  the  subsequent  depression  of  the 
strata,  which  perhaps  may  have  reduced  the  depth  to  two-thirds  or  one- 
half  the  above  vertical  line.  Yet  the  feet  of  an  enormous  depth  still  exists, 
even  in  five  miles  of  water  I 

From  the  fact  of  depth,  which  cannot  be  doubted,  we  must  assume 
another  fact,  which  is  no  less  self-evident, — which  is,  that  tlie  mountain- 
barrier,  or  line  of  granite,  bounding  this  deep  sea,  must  have  had  one  deep, 
perpendicular,  or  weak  side,  adjoining  the  waters  on  the  west ;  while  that 
on  the  Atlantic,  or  east  side,  must  have  existed  to  some  extent  in  its  pre- 
sent gradually  inclining  form,  since  there  is  no  evidence  of  change.  The 
^^nite  still  exists,  though  greatly  depressed. 

We  see  now  before  us  a  long  line  of  high  and  steep  granite  shores, 
and  a  deep,  unfathomable  sea ;  and  we  have  the  existing  evidences  that 
these  mountains  were  actively  volcanic  even  until  a  late  day,  when  the 
ancient  sea  no  longer  existed.  The  consequence  has  been  that  both  the 
ancient  mountains  and  the  sea  have  disappeared ;  the  mountains  displaced 
the  sea,  but  the  sea  swallowed  the  mountains. 

Here  we  may  introduce  an  illustration  of  the  rocks  which  fill  the  basin, 
and  the  natural  causes  which  led  to  this  result.  It  will  aid  in  exemplifying 
the  hypothesis  we  set  forth,  and  which  we  hope  to  prove  more  by  facts 
than  by  mere  scientific  conclusions,  which  hitherto  have  been  our  rule  in 
fiithoniing  what  seems  a  natural  phenomenon. 


APPALACHIAN   FORMATIONS, 

In  the  accompanying  illustration,  Fig.  4,  we  do  not  give  the  details  of 
tlie  foldings  and  steep  reversed  dips  of  the  mountain-chains  now  filling  the 
eastern  edge  of  the  ancient  sea.  Such  detail  would  not  affect  the  question, 
but  would,  in  the  limited  space  to  which  we  are  confined,  complicate  and 
confuse  the  general  idea  we  wish  to  impress. 

It  will  be  noticed  that  on  the  left,  or  east,  the  granite  rocks  still  form,  on 
a  lower  line,  the  bounds  of  the  basin;  while  in  the  background,  on  a 
higher  line,  is  shown  the  ancient  volcanic  belt  towering  above  the  Alle- 
ghany summit ;  while  the  streams  of  lava  from  its  crest  are  poured  into  the 
great  sea,  forming,  in  the  early  periods  and  in  the  boiling  waters,  the 
crystalline  gneiss,  and  during  later  eras,  the  higher  sedimentary  sand-rocks. 

It  will  be  proper  to  remark,  here,  that  the  line  represented  by  the  illus- 
tration is  a  transverse  section  across  the  Appalachian  chain  by  Cumberland, 
Maryland,  and  does  not  fairly  present  the  deep  ilexures  of  the  east  or  in 
the  vicinity  of  the   anthracite   coal-fields,  wliose   location   are,  however, 
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It  is  also  necessary  to  remark  that  volcanic  action  was  not  confined 
entirely,  though  principally,  to  the  surrounding  granite  zone.  In  all  pro- 
bability, active  volcanoes  existed  in  the  interior  of  the  basin,  particularly 
before  the  formation  of  the  great  limestone, — the  Auroral,  or  No.  II.,  of 
Rogers, — as  we  have  shown  in  several  instances;  but  their  location  we  can 
only  tell  by  the  anticlinals  which  now  swell  the  surface.  And  these  are 
not  positive  evidences,  since  the  original  surface  of  the  granite  floor  was,  in 
all  probability,  usually  corrugated  and  uneven.  Those  minor  details, 
however,  do  not  affect  the  proposition  regarding  the  origin  and  formation 
of  the  great  basin,  which  we  assume  to  be  as  generally  set  forth:  that  the 
ancient  sea  was  deepest  on  the  northeast,  and  bounded  by  a  zone  or  belt  of 
volcanic  mountains,  which  produced  the  material,  in  part  or  in  whole,  now 
reposing  in  its  deep  gulis. 

As  before  stated,  the  granite  shores  were  precipitous,  and,  consequently, 
weakest  on  the  east  or  sea  margin.  Hence,  volcanic  action  was  confined 
to  that  side,  and  the  mountain-barrier  gradually  worn  down  as  the  waters 
became  shallow  by  the  filling  up  of  their  depth.  The  enormous  amount 
of  material  thrown  into  those  deep  basins  would  naturally  raise  even  the 
waters  of  the  sea,  and  as  naturally  cause  not  only  the  general  depression 
of  the  crust  of  the  earth  in  an  eastern  direction,  but  wear  down  tJie 
mountains  themselves.  The  most  natural  consequence  of  this  raising  of 
the  waters  and  depression  of  the  land  which  confined  them,  was  the  final 
escape  of  the  pent-up  sea  from  its  ancient  limits,  and  the  overflowing  of 
the  land  to  the  east;  and  whether  the  Atlantic  then  existed  on  a  level  with 
the  Appalachian  Sea  or  not,  the  effcct  would  be  the  same;  for  the  granite 
hills  of  the  east,  worn  on  one  side  by  the  billows  of  the  Atlantic,  and  on 
the  other  by  the  waves  of  the  ancient  sea,  could  not  resist  their  abrading 
influences,  while  the  fierce  volcanic  action  still  wore  down  the  crater  and 
still  depressed  the  crust. 

But  a  portion  of  the  ancient  barrier  resisted  the  combined  attacks,  and 
still  stands  to  attest  the  magnitude  and  grandeur  of  those  ancient  limits. 
We  allude  to  the  mountains  of  East  Tennessee  and  the  adjoining  States. 
Yet  it  is  singular  that  the  thickest  portions  of  the  crust,  or  where  we 
might  assume  the  greatest  magnitude  of  mountain  border  to  have  existed, 
towards  the  northeast,  first  yielded  to  the  combined  action  of  the  fire  and 
water.  It  is,  however,  only  another  fact  to  prove  the  general  truth  of  the 
hypothesis,  since  the  investigations  of  all  our  geologists  show  that  the 
greatest  amount  of  solid  matter  now  filling  the  great  basin  came  from  a 
northeasteyi  direction;  and  hence  the  more  rapid  subsidence  of  the  crust 
in  tliat  locality,  since  suehsraaild  be  the  natural  sequence  of  the  more  rapid 
ejection  of  the  fluid  mattep'!5^>porting  the  crust. 

We  may  here  observe,  this  violent  change  of  subterranean  matter  from 
the  interior  to  the  exterior  of  the  earth  not  only  lowered  the  ei-ust  of  the 
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earth  in  one  direction  and  raised  it  in  another,  but  had  the  effect  of  flexing 
and  frequently  inverting  the  strata  which  liad  been  formed  in  the  vicinity 
of  the  deeper  basins,  and  within  the  influence  of  the  contraction,  caused  by 
the  spasmodic  action  of  the  internal  volcanic  heat;  that  is,  the  strata 
deposited  on  the  sharp  axes  of  deep  synclina*,  or  basins,  would  be  further 
deepened  by  the  contraction  or  subsidence  of  those  basins;  while  the  sur- 
face Tivould  rather  contract,  also,  than  expand  under  the  same  influence, 
and  thus  the  angle  of  the  strata  become  greater,  and,  in  many  cases,  even 
inverted.  But  this  we  do  not  assume  to  be  the  only  cause  of  the  inverted 
strata,  so  prevalent  ia  the  East;  though  we  think  it  the  chief  or  normal 

The  sedimentary  strata  would  naturally  conform  to  the  surfece  over 
which  they  were  stratified;  and  as  the  granite  surfece  is,  and  apparently 
was,  generally  uneven,  the  metamorphic  or  gneissic  strata  first  deposited 
assumed  the  corrugations  and  angles  of  tlie  original  foundation.  These 
appear  to  have  been  in  long  lines  running  northeast  and  southwest,  wide 
and  broad  in  the  west  and  centre  of  the  great  basin,  and  narrow,  steep,  and 
deep  towards  the  east.  On  those  the  Appalachian  chains  were  folded, 
growing  narrower  and  steeper  as  the  basins  subsided,  with  the  general 
crust  movement  towards  the  east;  and,  as  the  crusts  of  the  strata  came 
closer  together,  by  the  general  or  lateral  contraction. 

It  is  very  evident  that  our  sedimentary  strata  were  not  iaid  horizontally 
when  originally  deposited,  but  conformed,  as  we  have  stated,  to  the  general 
uneven  snrfitce  of  a  granitic  and  volcanic  period;  yet  many  of  our  geolo- 
gists assume  such  to  be  the  general  law,  and  they  tlien  assume  a  natural 
impossibility  to  account  for  the  flexures  of  the  strata  in  the  phenomena  of 
earthquakes  and  internal  throes  or  pressure  to  uplift  the  mountain-asis. 
But  those  folds  and  deep  basins  must  have  been  formed  naturally  and 
gradually  as  the  current  subsided  in  certain  directions,  and  as  the  surfece 
of  the  earth  generally  contracted  by  the  condensation  of  its  materials. 
When  we  consider  how  much  the  tire  of  a  wagon-wheel  contracts  on  cool- 
ing, we  can  form  some  idea  of  what  the  contraction  of  the  crust  of  the 
earth  must  be.  This  contraction  first  tends  to  eject  the  fluid  matter  of  the 
interior  in  volcanic  violence.  But  when  the  exterior  crust  has  expended  its 
heat  and  ceased  its  condensation,  the  continued  contraction  of  the  interior 
crust,  or  condensation  of  the  liquid  mass  forming  the  great  bulk  of  the 
earth,  the  exterior  strata  must  yield  in  folds,  depressing  or  rising  as  the 
interior  condenses.  If  this  eflect  was  common  to  all  parts  of  the  earth's 
crust,  and  evenly  distributed  over  the  surfece,  the  undulations  would  not  be 
so  great.  But  such  is  not  the  effect,  since  the  weakest  points  are  always 
folded  first,  and  the  deepest  basins  are  always  made  deeper  by  the  same 
cause,  on  the  same  principle,  that  it  is  easier  to  bend  a  weak  sapling 
already  partially  bent,  than  to  bend  a  tree  that  is  strong  and  straight. 
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Prof.  Rogers,  in  his  Geology  of  Peiinsylvania,  assumes  the  great  Appa- 
lachian basin  to  have  been  elevated  bodily  from  tlie  ancient  sea,  to  account 
for  its  drainage  and  its  coal  formations.  But  a  moment's  thought  is  suffi- 
cient to  dispel  an  idea  so  impractical  and  at  variance  with  the  laws  of 
Nature,  particularly  when  aff  elevation  and  depression  of  half  a  continent 
— whose  crust  must  have  been  over  twenty  miics  thick — is  required  to 
account  for  the  formation  of  each  coal-seam.  When  we  know  how  weak 
and  comparatively  tliin  the  crust  of  the  earth  must  have  been  at  that  early 
day,  when  volcanic  action  was  in  full  vigor  in  the  East,  and  perhaps,  too, 
in  the  West,  since  it  has  not,  even  to  this  day,  entirely  subsided,  we  can 
realize  how  impossible  a  thing  it  would  have  been  to  lift  this  incalculable 
mass.  How  much  more  readily  would  the  pent-up  gases  have  found  a 
vent  through  tlie  volcanic  channels  which  had  served  as  an  escape  so  long! 

We  do  not  intend  to  extend  this  chapter  by  simply  refuting  absurd 
theories  while  we  are  trying  to  establish  a  new  hypothesis  from  the  existing 
&cts,  but  will  now  proceed  to  offer  additional  evidence  and  give  additional 
facts  to  establish  this  wonderful  creation  as  the  result  of  plain  and  common 
processes  of  Nature, 

We  will  not  reiterate  the  facts  already  given,  but  agam  state  the 
hypothesis  briefly.  The  strata  now  reposing  in  the  bed  of  the  ancient 
Appalachian  Sea  were  derived  chiefly  from  the  volcanic  mountains  which 
bounded  its  coasts  on  the  east  and  northeast;  and  the  processes  effecting  tlie 
same,  as  before  stated,  were  natural  and  simple. 

To  the  period  of  the  Aurora!  or  Great  Limestone,  thei-e  appears  to  have 
been  but  little  interruption  to  the  volcanic  agencies  and  the  process  of 
change,  or  metamoi-phiam  of  matter,  from  the  fluid  lava  to  the  sedimentaiy 
strata  resulting  therefrom.  But  at  tJiis  period  there  must  have  been  a  long 
calm,  since  the  Great  Limestone  could  not  have  been  created  in  the  manner 
and  from  the  material  of  the  subordinate  strata.  The  volcanoes  were 
comparatively  quiet,  having  vented,  perhaps,  the  fluids  and  vapors  which 
had  formerly  existed  in  a  state  of  tension  in  the  bowels  of  the  earth ;  and 
this  assumption  is  sustained  by  the  fact,  that  this  state  of  quiet  or  rest  from 
violent  volcanic  action  was  general,  since  the  limestones  were  the  cotempo- 
rary  formation  of  this  period  in  nearly  all  parts  of  the  earth. 

Its  formation  was  on  a  grand  scale  in  the  ancient  Appalachian  Sea.  Its 
area  was,  of  course,  coextensive  with  the  waters  in  which  it  was  formed,  while 
its  maximum  thickness  was  a  mile!  When  wo  consider,  the  boundaries 
and  extent  of  this  great  sea, — whose  landmarks  are  so  well  preserved, — 
we  can  form  some  idea  of  the  magnitude  of  the  limestone  ibrmations  of 
this  era. 

THE   GREAT   LIMESTONE. 

Its  limits  follow  closely  the  ancient  boundaries  of  the  sea,  as  formerly 
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set  forth,  but  is  encircled  by  the  rim  of  metamorphic  etrata,  whicli  wan 
the  production  of  volcanic  agencies  to  the  period  of  the  lime.  We  may  note 
the  present  outcrops  of  this  great  ocean-bed.  Starting  from  the  southern 
portion  of  Alabama,  near  the  confluence  of  the  Coosa  with  the  Alabama 
River,  its  eastern  margin  lies  along  the  great  valley  region  described  in 
Chapter  II., — forming  one  of  the  most  beautiful  and  productive  regions  of 
the  continent, — through  all  the  Atlantic  States  to  Nova  Scotia.  Its  course 
is  then  through  the  Laurentian  basins  west  to  Montreal,  aud  thence  around 
the  north  shores  of  Lake  Ontario  and  the  Greorgian  Bay  of  Lake  Huron; 
and  still  further  west,  sweeping  the  north  and  west  sides  of  Jjakc  Michi- 
gan, through  Green  Bay  and  Winnebago  Lake  and  Wisconsin,  until  it 
readies  the  Mississippi.  It  passes  through  the  northern  portions  of  loiva, 
and  thence  in  an  indefinite  course  to  the  Eocky  Mountains, — along  their 
eastern  slopes  to  the  northern  borders  of  Texas,  through  which  State  it 
circles  back  towards  the  Mississippi  River.  But  its  southern  limits  are  not 
well  delined,  nor  can  we  so  well  determine  the  ancient  limits  of  the  Appa- 
lacliian  Sea  towards  the  south,  whether  it  included  the  Gulf  and  was  isolated 
from  the  Atlantic  by  a  continuation  of  the  granite  boundary  through 
Florida  and  Cuba  to  the  Southern  Continent,  or  was  on  a  level  and  iu 
confluence  with  the  Atlantic 

We  may  safely  assume  that  the  area  of  this  Great  Limestone  is  not  less 
than  1,500,000  square  miles,  and  as  safely  compute  its  average  thickness 
at  not  less  tl>an  1000  feet, — its  maximum  thickness  being  nearly  5000  feet, 
while  its  minimum  we  have  never  seen  less  than  1000  feet. 

This  entire  mass  contains  a  vast  store  of  carbonic  acid;  its  maximum 
proportion  to  the  whole  being  about  40  per  cent,  and  its  minimum  20  per 
cent.,  giving  an  average  of  about  30  per  cent,  carbonic  acid,  one-half  of 
which,  or  15  per  cent.,  is  carbon;  or  one  square  mile  of  this  limestone,  at 
an  average  of  1000  feet  thick,  contains  as  much  carbon  as  the  general 
production  of  our  anthracite  coal-fields  to  the  square  mile. 

Carbonic  acid  is  liquefied  under  a  pressure  of  40  atmospheres,  and 
becomes  solid  by  evaporation. 

The  vapor  of  carbon  mixing  with  the  hydrogen  of  water  at  high  tem- 
peratures forms  aarbweUed  hydrogen,  coal-oU,  petroleum,  iiapfdlia,  &c. 

Since  it  has  been  determined  that  our  limestone  rocJjs  have  not  heen 
formed  by  the  sedimentary  deposits  of  solid  matter,  as  the  accompanying 
sandstones  and  slates  are  formed,  it  may  be  an  interesting  question  to 
determine  how  they  were  formed.  There  appear  to  be  only  two  theories 
available:  one  providing  for  its  creation  by  the  industrious  labors  of 
myriads  of  marine  insects,  and  the  other  assuming  that  the  waters  con- 
taining carbonic  add,  holding  the  carbonates  of  lime  and  magnesia  in 
solution,  had  precipitated  those  salts  at  a  boiling-heat.  The  latter  theory 
eeems  plausible,  since  the  vapors  of  carbon  must  have  bccu  in  excess  in  the 
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air  and  in  the  waters.  Until  this  period  there  could  have  been  no  possi- 
bility of  its  return  to  the  earth  in  large  quantities  by  condensation,  pre- 
cipitation, or  through  animal  or  vegetable  life.  The  heat  that  vaporized 
it  still  prevented  its  condensation:  therefore,  both  the  atmosphere  and  the 
iraters  must  have  been  surcharged  with  cai-bonie  acid,  ■which,  during  the 
first  cessation  of  volcanic  heat  and  violence,  returned  to  the  earth  in  the 
shape  of  lime.  Such  is  the  natural  process;  and  such,  we  may  observe, 
must  have  been  tlie  cause  and  result  during  the  formation  of  the  second 
or  great  carboniferous  limestone. 

"We  may  not  reiterate  here  the  successive  formations  of  the  PalEeozoic 
strata,  as  described  in  Chapter  II.,  but  we  must  notice  tlie  fact  of  a  frequent 
recurrence  of  volcanic  action  and  violence  from  the  first  to  the  second 
great  hmestones.  It  was  intermittent,  however,  and  more  or  less  violent 
through  a  long  series  of  formations  of  sandstones,  slates,  shales,  and  lime- 
stones. In  those  formations  we  find  the  carbon  preserved  in  available 
form  in  the  shape  of  carbonic  acid  in  lime,  and  hydrocarbon  in  petroleum, 
From  the  first  great  Hmcstone  to  tlie  base  of  the  coal  measures,  more  or 
less  of  the  hydrocarbons  was  preserved  in  the  limestones  and  bituminous 
shales.  But  it  must  be  remarked,  in  explanation  of  its  absence  in  certain 
locations,  the  hydrocarbons  do  not  exist  in  formations  which  admit  of 
their  escape  in  gas ;  nor  were  they  formed  at  the  period  of  those  precipitates 
in  which  they  are  found,  but  were  the  production  of  subterranean  gases 
since. 

We  may  now  pass  over  the  subsequent  periods  following  the  formation 
of  the  great  limestone  to  the  immense  sand-rocks  of  the  "old  red"  and 
the  subcarboniferous,  which,  again,  must  have  been  produced  by  heat  and 
violence,  followed,  as  before,  by  quiet  and  a  reduction  of  temperature;  and 
the  result,  as  before,  was  the  production  of  lime. 

There  is  a  singular  and  unaccountable  circumstance  connected  with  the 
carboniferous  lime  which  claims  our  attention.  In  the  east  and  northeast 
of  the  Alleghany  basin,  the  subcarboniferous  strata  are  tlie  well-known  red 
shales  of  our  anthracite  coal-fields,  but  to  the  west  it  is  the  carboniferous 
limestone.  The  one  gradually  takes  the  place  of  the  other;  the  lime 
thinning  to  the  east  and  enlarging  to  the  west,  while  the  other  thins  to  the 
west  and  increases  to  the  east. 

Prof.  Sogers  accounts  for  this  change  in  the  assumption  that  the  lime 
was  peculiarly  a  marine  production,  and  came  in  from  the  southwest; 
while  the  Red  Shale,  or  "Umbral,"  was  a  shore  or  land  production,  and 
came  from  the  east.  Tliis  seems  plausible;  but  we  cannot  imagine  why 
the  same  rule  did  not  work  during  the  formation  of  the  first  or  Auroral 
limestone,  which  is,  perhaps,  thicker  on  the  east  than  elsewhere  1 

There  can  be  no  doubt  but  the  amount  of  lime  in  the  red  shale  is  equal 
to  the  average  deposit  where  the  red  shale  commences  to  thin,  or  even 
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where  it  does  not  exist;  that  ia,  the  amount  of  lime  in  the  red  shales  of 
tlie  eaat  is  equal  to  the  lime  formations  of  the  west  under  equal  areas. 

However  we  may  account  for  the  change  from  shale  to  limestone,  or 
we  versd,  we  know  that  both  must  have  been  formed  in  a  quiet  sea  and 
during  a  season  of  comparatively  low  temperature,  since  the  greater  por- 
tion of  the  shale  is  a  soft,  red  mud  of  almost  impalpable  fineness,  and 
has  been  evenly  deposited  in  the  most  conformable  manner  as  an  aqueous 
sediment. 

THE   GREAT   CONGIOJIERATE. 

The  formation  next  in  order  of  deposit  in  the  waters  of  tlie  ancient  sea 
is  the  great  Conglomerate,  which  is  the  floor  and  base  of  the  coal  measures. 
This  formation,  like  ail  the  strata  of  the  Appalachian  basin,  excepting  tlie 
lime,  is  in  vast  preponderance  in  the  east,  i>articularly  in  the  vicmity  of 
the  anthracite  coal-iields.  Here  it  is  over  1000  feet  in  thickness  along  its 
lower  border,  but  thins  off  rapidly  in  a  western  direction.  On  the  western 
outcrop  of  the  "Wyoming  coal-field  it  is  about  100  feet  thick;  and  on  the 
eastern  escarpment  of  the  Alleghany,  in  the  same  direction  west,  it  is  not 
over  30  feet;  while  throughout  the  Western  coal-fields  it  ranges  from  10 
to  15  feet. 

There  are  several  theories  regarding  this  extraordinary  formation.  It 
is  composed  of  a  conglomeration  of  pebbles,  chiefly  of  a  white  quartzose 
character,  but  is  made  up  otherwise  of  a  great  variety  of  rocks  in  pebble 
shape,  cemented  by  arenaceous  and  argillaceous  material  of  all  ages  except 
the  primitive.  Prof.  Rogers  thinks  it  the  di-ift  or  wash  of  some  ancient 
current,  sweeping  with  great  force  from  the  southeast,  or  "towards  a  point 
a  little  west  of  north,"  evidently  the  ocean-tides. 

There  are  circumstances  which  substantially  support  this  conclusion, 
such  as  the  general  water-worn  character  of  the  diversified  and  imbedded 
pebbles,  the  intervening  strata  of  shale  and  sandstone,  and  the  want  of 
uniformity  in  tlie  strata  and  composition  of  the  conglomeratic  rocks.  It 
evidently  could  not  have  been  of  volcanic  origin,  since  tliere  appears  to  be 
little  or  none  of  the  pure  igneous  rocks  in  the  mass,  but  all  came  from  the 
subsequent  sedimentary  formations. 

The  conglomerate  must  have  been  formed  immediately  after  the  carbon- 
iferous limestone,  and  perhaps  partly  cotemporaneous  with  it.  The  com- 
motion of  the  tides  along  the  eastern  coasts,  and  the  different  conditions  of  the 
water,  prevented  the  formation  of  lime,  or  precipitated  it  among  the  enor- 
mous mass  of  shales  and  conglomerate  which  has  taken  its  place  in  the 
East.  The  carboniferous  lime  is  200  feet  thick  at  Pittsburg,  while  the 
Umbral  red  shale  is  3000  feet  thick  at  Pottsville,  and  intermediate  the 
eame  proportions  will  hold  gcmd,  since  both  the  shale  and  tlic  lime  thin 
in  the  same  ratio.     Thus,  if  tlie  limestone  contains,  on  an  average,  4o  jier 
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cent,  of  carbonate, — which  it  does  not, — the  Umbra]  would  absorb  the 
Avliole  with  an  imperceptible  proportion  of  3  per  cent,  of  tlie  carbonate  of 
lime. 

"VYe  also  notice  the  absence  of  bituminous  matter  in  tlie  formations  of 
the  East,  which  evidently  could  not  have  been  for  the  want  of  carbon;  but 
the  conditions  which  then  and  subsequently  existed  were  different  from 
those  of  the  AVest,  and,  consequently,  not  only  one  but  all  formations  have 
felt  the  resulting  change. 

The  only  reasonable  theory  in  contradiction  to  the  foregoing,  in  regard 
to  the  formation  of  tlie  conglomerate,  is  tliat  they  are,  or  may  be,  water 
crystals  or  concretions;  but  the  evidence  s^ainst  this  theory  seems  to  be 
conclusive,  and  we  need  not  present  the  arguments  of  the  theorists. 


COAL   FORMATIONS   OF   THE   ANCiEST   BASIN. 

We  have  now,  step  by  step,  from  the  deepest  formations  which  have 
filled  tlie  Appalachian  basins,  amved  at  the  upper  and  most  munificent, 
which  crowned  the  whole  and  finished  this  stupendous  creation  of  Nature. 

We  have  seen  how  the  vast  and  unfathomable  gulfe  of  the  ancient  sea 
were  filled  by  the  molten  lava  which  ponred  from  the  long  chain  of  granite 
and  volcanic  hills  that  formed  its  steep  and  gigantic  coast-line  on  the  east, 
and  perhaps  from  volcanoes  in  its  centre;  how  the  vapors  of  combustion 
— the  escaping  carbon— were  collected  and  stored  in  the  limestones  and 
shales  and  sealed  for  future  use;  how  the  great  basin  was  filled  and 
levelled  by  later  and  finer  deposits  in  preparation  for  the  life  and  vegetation 
which  was  to  follow. 

It  will  be  necessary  to  review  at  some  length  the  form  and  structure  of 
the  Appalachian  basin  as  prepared  for  the  production  of  mineral  coal, 
since  tlie  natural  process  here  resembles,  and  was,  in  fact,  the  same  as  that 
which  produced  coal  elsewhere ;  and  a  plain  statement  of  the  circumstances 
which  come  beneath  our  knowledge  and  comprehension  in  this  case,  will 
present  a  general  exposition  of  the  formation  and  origin  of  all  the  coal  of 
the  Carboniferous  era. 

It  will  scarcely  be  necessary  to  state  that  the  limits  of  the  ancient  sea 
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■were  at  this  period  largely  contracted.  The  enormous  mass  of  material 
vhich  filled  up  the  eastern  edge  of  the  basin,  being  vastly  in  excess  of  that 
carried  by  the  waters  towards  the  interior,  naturally  elevated  the  eastern 
shores  and  drove  the  waters  back,  thus  forming  a  long  line  of  new  shore, 
parallel  with  the  old  granite  range,  and  of  great  width, — extending,  for 
instance,  in  Southwestern  Virginia,  over  a  distance  of  150  miles,  or  from 
the  granite  hills  of  North  Carolina  to  the  eastern  escarpment  of  the  Alle- 
ghany in  Western  Virginia,  This  was  general  along  tlie  eastern  edge  of 
the  basin,  though  much  narrower  at  some  points  than  others;  the  anthra- 
cite fields  of  Pennsylvania  being  tlie  most  eastern,  and,  of  course,  nearest 
to  the  original  granite  boundary  of  the  ancient  sea.  But  even  here  the 
new  line  of  shore  could  not  have  been  le^s  than  50  miles  from  the  Sharp 
Mountain  to  an  indefinite  point  south  of  the  Blue  Eidge  or  Reading  Hills. 

The  sea  was  driven  back  by  the  constantly  encroaching  land,  the  pro- 
duction of  volcanic  action.  But  in  order  to  explain  its  elevation  as  dry 
land  along  the  newly  erected  coasts,  we  must  assume  the  depression  of  the 
interior  and  the  gradual  subsidence  of  the  waters.  This,  however,  is  not 
a  mere  inference.  Prof  Kogers  demonstrates  this  clearly  in  his  theory  of 
the  origin  of  coal ;  and  so  many  evidences  are  offered  of  the  &ct,  that  we 
state  it  as  such. 

We  now  find,  instead  of  the  vast  Appalachian  ocean,  an  inland  basin 
of  comparatively  contracted  limits,  with  rivers  draining  the  new  continent, 
as  the  New  Eiver  now  drains  that  portion  which  preserved  its  original 
physical  features.  The  St.  Lawrence,  the  Hudson,  the  Delaware,  the  Sus- 
quehanna, the  Potomac,  and  the  James  did  not  then  pass  their  waters 
towards  the  Atlantic,  but  flowed  in  unknown  courses  towards  the  great 
inland  sea.  The  St,  Lawrence  brought  down  the  accumulated  waters  of 
the  north,  with  their  vast  debris,  along  the  eastern  coast.  The  ancient 
Missouri  then,  as  now,  rolled  its  muddy  waters  to  the  south. 

It  will  not,  under  such  circumstances  as  those,  appear  strange  or  wonder- 
ful that  the  great  Appalachian  Sea  no  more  exists ;  but  it  would  be  strange 
if  those  accumulating  waters,  rolling  down  over  soft  and  imperfectly 
formed  strata,  did  not  fill  up  the  shallow  sea. 

The  physical  changes  in  the  drainage  and  topt^raphy  of  the  eastern 
edge  of  the  Appalachian  strata  are  due  to  subsequent  events.  Tlie 
anthracite  basins  were  paPt  and  parcel  of  the  great  Appalachian  coal-field, 
and  formed  in  the  same  manner  and  at  the  same  time  with  tlie  bituminous 
coals  of  the  W^t.*  The  intervening  space  might  not  have  been  occupied 
by  a  continuous  coal-field ;  but  wc  have  existing  evidences,  in  the  many 
outlying  patches  of  coal  and  conglomerate,  to  prove  that  the  larger  portion 
of  the  now  denuded  area  was  at  one  time  occupied  by  coal  formations; 
and  the  fact  of  their  denudation  by  eastern  waters  is  a  positive  evidence  of 

*  The  causes  producing  anthracite  are  esplaiaed  further  on. 
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the  change  in  topography  after  the  formation  of  our  coal-fields.  Conse- 
quently, the  waters  must  have  flowed  to  the  west  until  this  period. 

We  noticed  the  causes  of  this  physical  change  in  the  commencement  of 
this  chapter;  but  it  may  appear  plainer  in  this  than  in  that  connection. 
The  gradual  subsidence  of  the  earth's  crust  was  general  at  the  period  of 
which  we  write,— or  during  the  coal  era, — at  the  close  of  a  season  of  con- 
stant and  violent  volcanic  action,  and  enables  us  to  account  for  our  coal 
formations,  we  think,  in  a  plain  and  practical  manner,  which  could  not  be 
done  under  any  other  hypothesis. 

But  the  rapid  subsidence  or  greater  depression  in  the  eastern  synclinals,  or 
valleys,  requires  some  definite  explanation.  As  we  before  stated,  a  long 
line  of  granite  shore  runs  parallel  with  the  ancient  Appalachian  sea,  and 
with  the  present  range  of  Appalachian  mountains ;  and  the  probability  is 
that  not  only  one  but  several  ranges  of  the  same  kind  originally  existed 
along  the  bottom  of  the  ancient  sea,  corresponding  to  our  present  flexures 
or  mountainous  folds ;  since  the  early  dynamic  eflieets  of  internal  forces 
seem  to  have  been  in  long  parallel  lines, — a  fact  attested  by  the  physical 
features  of  the  earth,  which  always  exist  in  long  lines  of  mountain  and 
valley,  except  when  changed  and  distorted  by  central  volcanic  influences.* 

This  form  of  topographical  structure  being  demonstrated, — as,  we  think, 
all  the  facts  hitherto  given  do  fairly  demonstrate, — we  may  next  allude  to 
the  fact  that  the  eastern  portions  of  the  ancient  sea  must  have  been  vastly 
deeper  than  the  interior,  as  before  stated  and  proved.  These  facts  being 
accepted,  we  are  now  prepared  to  offer  a  plain  solution  of  the  problem  of 
inverted  strata,  and  the  deep  synclinals  of  oiu'  eastern  basins. 

In  the  first  place,  these  deep  axis  of  formation  must  have  been  originally 
the  weakest  part  of  the  earth's  crust;  in  the  next,  they  were  in  close 


■*  "As  n  general  fact,  volcanic  yenta  are  arranged  in  extensive  lines  oi 
ing  half  around  the  globe. 

"Perhaps  the  most  remarltaMe  line  of  Tenfs      li   1     g  h         f     1     i 
Alaska,  on  tlio  coast  of  Russian  America,  nh   h  p  (I      Al 

Bchatka,  the  Kurilian,  Japanese,  Philippine,  ajil  M  1  II  d  th 

Sumbawa,  Jara,  and  Sumatra,  and  termina         t  B  lid        i 

Another  almost  equally  extenaiTe  line  comm  t    h  th  I  ? 

America,  and,  following  the  chain  of  the  And      p  1     g  th    0    d  11 

thenGe  into  California,  and  thence  northward       f       lit       CI  mb      R 
crosses  between  the  Pacific  Ocean  and  Rocky  M       t  — JI !  h     i     G    I 

The  number  of  actire  volcanoes  on  the  glob  t  m      d     t  407      Of  th 

Horth  America,  48  in  Central  America,  and  54        S       h  Am 

The  eruption  of  Kilauea,  in  Hawaii,  during  1840  g     d        mpl      f   h 

molten  lava  when  poured  into  the  soa,  and     1        f   h         t  f  th         1  m 

form.     A  stream  of  molten  lava,  half  a  mile  w  1         I  20  f    t  th    t  p        d 
cataract  of  fire,  over  a  precipice  50  feet  high  in      th        a,whf      flh        g 
detonations.     The  atmosphere,  in  all  directio       w      fill  d  v;   h      h        p    j 
while  the  hurninglaya,  as  it  fell  into  the  wate    w       h         d  fm         db 

back  into  the  air,  fell  in  ehowers  of  tatid  on  all  the  surrounding  country. 
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proximity  to  the  active  volcanoes  of  the  pliitonic  r^ions  of  the  coast,  and 
the  spasmodic  venting  of  incessant  streams  of  lava,  which  filled  the  vast 
extent  of  the  Appalachian  Sea,  must  have  tended  to  cause  a  vacuum  in  the 
bowels  of  the  earth;  and,  as  "nature  abhors  a  vacuum,"  nothing  can  be 
more  natural  than  the  subsidence  of  those  deeper  basins,  in  the  vicinity  of 
this  constraining  cause.* 

The  inverted  strata  or  flexures  of  the  Alpine  formations  have  the  same 
form  and  feature,  and  were  evidently  caused  by  the  same  volcanic  action. 
But  this  cause  could  only  operat*!  during  the  continued  action  of  volcanic 
influences;  and  there  has  evidently  been  a  continued  subsidence  of  those 
deep  basins  since  the  formation  of  our  coal-fields,  which  needs  further 
explanation. 

The  magnificent  formations  of  anthracite  in  Pennsylvania  coiild  not  have 
been  created  in  their  present  form.  No  deposit  could  have  taken  place  on 
the  perpendicular  strata  which  accompany  it,  in  many  places,  or  on  the 
anticlinals  which  are  folded  back  on  the  edges  of  the  l^isins. 

The  basins  in  which  the  original  deposit  took  place  must  have  been  of 
comparatively  gentle  undulation, — deeper,  perhaps,  and  of  steeper  angles  of 
dip  than  the  great  bituminous  basius  of  the  West,  but  having  no  com- 
parison to  the  present  inclinations. 

It  has  been  stated  and  demonstrated  in  the  previous  pages  that  the 
weakest  portions  of  the  earth's  crust  are  in  tlie  vicinity  of  active  volcanoes ; 
but  in  the  present  instance  circumstances  existed  to  make  this  vicinity  still 
more  susceptible  to  the  influences  of  internal  violence,  and  the  irresistible 
forces  of  condensation  and  contraction  going  on  in  the  crust  of  the  earth. 

Of  all  mechanical  powers,  there  are  none  so  tremendous  and  irresistible  as 
the  two  we  have  given  in  illustration  of  the  natural  processes  which  tend 
to  change  and  modify  the  physical  geology  or  the  lithologicaJ  structure  of 
the  earth, — that  is,  vacuum  and  contraction. 


The  abo\  e  illustration  represents  the  action  of  lateral  coniradian.  The 
amount  of  Lontiaotion  m  the  earths  crust  is  collectively  very  great,  but 
the  conformation  of  the  Appalachian  strata  was  snch  as  to  concentrate  its 
contraction  to  a  single  group  o(  formations,  along  its  weakest  line  of  crust, 
which  passed  in  the  vicinity  of  the  anthracite  coal-basins. 

From  the  centre  of  the  Appalachian  formation  to  the  eastern  escarpment 


*  Sir  Ciarles  Lyell  advocates  this  theory  of  subsidence  and  oonaequent  flexure. 
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of  the  Alleghany,  the  formation  is  very  thick,  and  generally  on  a  plane 
slightly  varying  from  the  horizon.  The  flexibility  of  this  level  mass  of 
strata,  which  was,  and  is,  perhaps,  from  20  to  50  miles  thick,  couM  not  have 
been  in  proportion  to  the  already  flexed  and  weakened  basins  of  the  East; 
consequently,  the  contraction  or  condensation  towards  the  centre  of  tlie 
earth  must  have  been  exerted  laterally  and  against  the  weak  and  already 
partially  folded  strata  of  the  eastern  basins.  It  must  be  understood,  in 
this  connection,  that  we  are  not  speaking  of  the  local  contraction  of  the 
surface  strata,  because  they  had  already  reached  their  maximum  of  con- 
densation. It  is  now  the  contraction  of  the  interior  crust,  or  the  con- 
densation of  the  liquid  mass  of  the  earth,  that  we  are  treating  of 

We  think  this  illustration  will  sufficiently  demonstrate  the  causes  and 
processes  which  effected  the  violent  contortions  and  steep  angles  of  our 
eastern  basins.  The  action  was  gradual,  as  it  was  irresistible,  and  therefore 
produced  no  great  rents  of  fissures  in  the  strata,  but  exerted  its  crushing 
influence  through  a  vast  space,  and  left  the  evidences  in  innumerable  slides, 
cracks,  and  cleavages  throughout  the  strata  affected.* 

"We  have  now  reached  a  point  where  we  can  satisfeetorily  contemplate 
the  natural  processes  by  whicli  our  magnificent  fields  of  coal  were  pro- 
duced, having,  to  our  own  mind,  clearly  demonstrated  the  ikcis  or  the 
hypothesis  we  set  forth  to  prove. 

Nature  had  prepared  for  the  closing  glory  of  her  Appalachian  monument. 
The  great  Appalachian  Sea  had  been  contracted  to  less  than  one-half 
its  original  superficial  area,  and  its  present  shallow  depth  bore  no  compari- 
son to  its  former  unfathomable  abyss.  Its  shores  were  now  qniet,  low,  and 
clothed  in  verdure.  Long  receding  shores,  without  cliff"  or  mountain, 
stretched  gently  away  towards  the  ancient  coasts,  from  which  now  came 
vast  rivers,  rolling  in  the  mnd  and  drift  of  the  soft  and  imperfect  strata 
which  had  never  been  condensed  by  pressure  and  not  yet  hardened  by 
exposure  and  time;  and,  thus  prepared,  we  leave  the  formatim  and  origin 
of  coal  for  the  following  chapter. 

*  Sir  James  Hall,  Sir  H.  De  La  Be 
contraction  and  consequent  foliatioti  0 
fully  esplained  in  Chapter  XIV. 
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CHAPTER    IV. 

THE  FORJCATIOX  ASD  ORIGIN  OF   COAL. 

The  Carboniferous  Era— The  Acme  of  Vegetation— The  Coal  Flora— Hugh  Miller's  De- 
BDription — Aqueous  or  Terrestrial  Vegetation — Formation  of  Coal — Time  required  to 
form  a  Coal-Eed — Arborescent  Growth — Peat-Boga — Nature  a  Busy  Worltar — The  WorM 
not  so  Old,  after  all — The  Coal  Measures — Subsidence  of  the  Land — Fluvial  Deposits — 
Voioanio  Eruptions— Terrestrial  Vegetation  in  the  Rocky  Strata— Theories  of  Coal 
Formation  —  Vegetable  Hydrocarhone — Coal-Basins— Carbon  —  Naphtha— Petroleum- 
Bitumen — Anthracite— Diamond — Coal  and  Coal-Oil — Anfliracite  Coal  Formations. 

In  the  preceding  chapter  we  presented  tlie  Appalaehian  basin  as  it 
existed  at  the  commencement  of  the  Carboniferous  era,  when  the  violent 
volcanic  action  of  that  portion  of  our  continent  had  ceased  or  beeome 
intermittent,  and  the  great  depths  of  the  ancient  sea  had  been  filled  with 
the  early  Palaiozoio  rocks,  leaving  but  a  shallow  sea  and  a  soft,  low  shore 
for  the  base  of  the  new  and  wonderful  formations  which  had  now  com- 
menced. But,  though  the  violence  of  eruptive  volcanoes  could  not  now 
pour  the  molten  lava  over  the  new  shores,  volcanic  action  and  internal 
heat  still  had  much  to  do  with  the  subsequent  formations. 

It  was  yet  early  in  the  creative  periods.  The  "third  day,"  as  described 
by  the  Mosaic  aecount,  had  not  yet  closed,  and  air-breathing  animal  life 
had  yet  no  existence.  The  air  was  full  of  vapor  and  the  floating  dust  of 
distant  eruptions;  carbonic  acid  loaded  the  waters  and  surcharged  the  air; 
a  sulphurous  and  heated  atmosphere  everywhere  encircled  the  earth;  and 
the  waters  were  tepid  with  the  radiating  heat  of  cooling  lava  and  the  con- 
densing earth. 

The  temperature  that  then  existed  would  be  insupportable  to  terresti-ial 
animals,  while  the  carbonic  acid  that  impregnated  the  air  would  be  destruc- 
tive to  common  air-breathing  creatures.  The  vapors  of  carbon  still  arose 
from  a  thousand  sources, — smoking  volcanoes  and  smouldering  lava;  anil 
every  crack  and  fissure  of  the  earth  still  poured  forth  its  volumes  of  the 
v-tpors  of  combustion,  which  here,  in  the  contact  with  water,  formed  car- 
buretfed  hydrogen,  and  there,  with  the  atmosphere,  formed  carbonic  acid. 

Such  a  coincidence  of  favorable  circumstances  could  not  fail  to  produce 
a  vegetation  of  the  most  vast  and  magnificent  description,  in  comparison 
with  which  the  most  luxuriant  of  the  present  day  would  be  as  a  "drop  in 
the  bucket."  The  soft  and  fertile  soil,  made  rich  with  the  decaying  matter 
of  the  ancient  marine  life  and  the  resulting  bitumen  of  the  earburetted 
hydrogen  gases ;  the  atmosphere,  warm  and  moist  with  heat  and  steam, 
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and  loaded  with  the  life-giving  carhoii  so  necessary  to  vegetation,  all 
tended  to  invigorate  and  give  an  unlimited  growth  to  that  early  flora. 

This  was  the  acme  of  vegetable  life.  Hitherto  tliose  favorable  eircum- 
stEinces  did  not  exist,  and  vegetation  could  only  Lave  flourished  to  a  limited 
extent. 

During  the  subcarboniferoua  era,  which  followed  the  "old  red,"  or  the 
vespertine,  we  have  noticed  an  uncertain  and  meagre  coal  flora,  but  in  only 
one  instance,  in  a  limited  area,  was  a  coal  of  commercial  value  produced 
in  this  country.*  Yet  the  time  that  transpired  from  the  vespertine,  or 
profo-carboniferous,  to  the  true  carboniferous,  was  comparatively  limited; 
the  red  shale,  or  carboniferous  lime,  and  the  conglomerate  forroations,  only 
intervene. 

In  tracing  the  production  of  the  ancient  or  fossil  flora  to  a  later  date 
than  the  Carboniferous,  we  also  find  a  great  depreeiation ;  and  though  occa- 
sionally limited  fields  and  thick  coal-beds  were  formed,  they  are  generally 
both  limited  in  area  and  in  thickness  of  bed. 

Having  thus  carefully  traced  the  processes  of  Nature  to  this  remarkable 
and  wonderful  period  of  the  earth's  existence,  we  are  now,  in  a  measure, 
prepared  to  appreciate  and  comprehend  that  which  is  to  follow;  though  we 
shall  still  be  Uieorists,  notwithstanding  the  fects,  for  we  get,  after  all,  but 
dim  and  uncertain  glances  into  the  arcana  of  Nature.  But  we  have  the 
satiaiaetion  of  knowing  that  our  theories  are  plausible,  probable,  and  con- 
sistent with  existing  facts  and  evidences,  and  that  neither  miracle  nor 
unnatural  processes  are  required  to  prove  the  hypothesis. 

THE   COAL   FLORA. 

We  have  before  us  "a  low  shore  thickly  covered  with  vegetation.  High 
trees  of  wonderful  form  stand  out  far  into  the  water.  There  seems  no 
intervening  beach.  A  thick  hedge  of  rgeds,  tall  as  the  masts  of  pinnaces, 
runs  along  the  deeper  bays,  like  water-flags  at  the  edge  of  a  lake.  A  river 
of  vast  volume  comes  rolling  from  the  interior,  darkening  the  water  for 
leagues  with  its  slinie  and  mud,  and  bearing  with  it  to  the  open'  sea,  I'ecds, 
and  fern,  and  cones  of  pine,  and  immense  floats  of  leaves,  and  now  aud 
tlien  some  bullty  tree,  undermined  and  uprooted  by  the  current.  We  near 
the  coast,  and  now  enter  the  opening  of  the  stream.  A  scarce-penetrabk 
phalanx  of  reed^  that  attain  to  the  height  and  wellnigh  the  bulk  of  forest- 
trees,  is  ranged  on  either  handi  The  bright  and  glossy  stems  seem  rodded 
like  Gothic  columns,  the  pointed  leaves  stand  out  green  at  every  joint,  tier 

*  The  flora  to  whioh  we  ttUude  grew  on  the  New  Rirer,  South  western  Virginia,  in  tlio 
vicinity  of  the  great  limestone,  under  circumatanocs  more  favorable  than  usual  during  that 
period.  It  was  an  elevated  looalitj.  The  water  must  have  been  ahalloiv,  and  the  soila 
soft  and  rich. 
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above  tier,  ea«h  tier  resembling  a  coronal  wreath  or  an  ancient  crown,  M'ith 
the  rays  turned  outward;  and  we  see  atop  what  may  be  either  large  spikes 
or  catkins, 

Fia.  7. 


"  \yhat  strange  forms  of  vegetable  life  appear  in  the  forests  behind ! 
Can  tliat  be  a  club-moss  that  raises  its  slender  height  for  more  than  fifty 
feet  from  the  soil  ?  Or  can  these  tall,  palm-like  trees  be  actual  ferns,  and 
these  spreading  branches  mere  fronds  ?  And  then  these  gigantic  reeds !  are 
they  not  mere  varieties  of  the  common  horse-tail  of  our  bogs  and  morasses, 
magnified  some  sixty  or  a  hundred  times  ?  Have  we  arrived  at  some  such 
country  as  the  continent  visited  by  Gulliver,  in  which  he  found  thickets  of 
weeds  and  gra^  tall  as  woods  of  twenty  years'  growth,  and  lost  himself 
amid  a  forest  of  corn  fifty  feet  in  height? 

"  The  lesser  vegetation  of  our  own  country,  its  reeds,  mosses,  and  ferns, 
seem  here  as  if  viewed  through  a  microscope :  the  dwarfs  have  sprung  up 
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into  gianta,  and  yet  there  appears  to  be  no  proportional  increase  in  size  among 
what  are  uneqiii vocally  its  trees.  Yonder  is  a  group  of  what  seem  to  be  pines, 
— tall  and  bulky,  it  is  true,  but  neither  taller  nor  bulkier  than  the  pines  of 
Norway  or  America;  and  tlie  club-raoss  behind  shoots  up  its  green,  hairy 
amis,  loaded  with  what  seem  catkins,  above  their  topmost  cones. 

"But  what  monster  of  the  vegetable  world  comes  floating  down  the 
stream,  now  circling  round  in  eddies,  now  dancing  on  the  ripple,  now 
shooting  down  the  rapid  ?  It  resembles  a  gigantic  star-fish,  or  an  immense 
coach-wheel  divested  of  its  rim.*  There  is  a  green,  dome-like  mass  in  the 
centre,  that  corresponds  to  the  nave  of  the  wheel  or  the  body  of  the  star- 
fish ;  and  the  boughs  shoot  out  horizontally  from  every  side,  like  the  spokes 
of  the  nave,  or  rays  from  the  central  body.  The  diameter  considerably 
exceeds  forty  feet;  the  branches,  originally  of  a  deep  green,  are  assuming 
tlie  golden  tinge  of  decay ;  the  cylindrical  and  lioUow  leaves  stand  out 
thick  on  every  side,  like  prickles  of  the  wild  rose  on  the  red,  fleshy,  lance- 


lil  e  shoots  of  a  jear's  growth,  that  ml!  be  cohered  two  '^eaton'f  hence  w  th 
flowers  ind  fruit  That  stiangelj  foimeJ  orgini'^m  presents  no  e'.isfing 
type  among  all  the  numerous  lamihes  of  the  \egetible  1  mgdom 

"There  is  an  amazing  luxuriance  of  growth  ail  around  us  Seirce  can 
the  current  make  its  way  through  the  thickets  of  aquatic  plants  that  ii^e 
thick  from  the  muddy  bottom;  and  though  the  sunshme  falls  blight  on 
the  upper  boughs  of  the  tangled  forest  beyond,  not  a  ray  penetrates  the 
more  than  twilight  gloom  that  broods  over  the  marshy  platform  below. 

"  The  rank  steam  of  decaying  vegetation  forms  a  thick  blue  haze,  that 
partially  obscures  the  underwood.  Deadly  lakes  of  carbonic  aei^  gas  have 
accumulated  in  all  the  hollows.     There  is  a  silence  all  around,  uninter- 


*  since  diaooTered  to  T)e  tlie  r 
n  the  fire-oloja  of  our  coal-beds. 


its  or  base  of  the  gigantic  Sigitlaria,  nhioh  always  grew 
tnd  therefore  could  not  Seat  down  the  riTer  into  the  ooal 
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rupted  save  by  tlie  sudden  splash  of  some  reptile-fish  that  has  risen  to 
the  surface  in  pursuit  of  its  prey,  or  when  a  sudden  breeze  stire  the  hot 
air  and  shakes  the  fronds  of  the  giant  ferns  or  the  catkins  of  the  reeds. 

"  The  wide  continent  before  us  is  a  continent  devoid  of  animal  life,  savo 
that  its  pools  and  rivers  abound  in  fish  and  molliisca,  and  that  millions 
and  tens  of  millions  of  the  infusoria  tribes  swarm  in  the  bogs  and  marshes. 
Here  and  there,  too,  an  insect  of  strange  form  flutters  among  the  leaves. 
It  is  more  than  probable  that  no  creature  furnished  with  lungs  of  the  more 
perfect  construction  could  have  breathed  the  atmosphere  of  this  early- 
period  and  have  lived."* 

The  above  description  by  Hugh  Miller  is  perhaps  the  best  we  have  of 
the  form  and  character  of  the  ancient  coal  vegetation.  But  the  late  attempt 
to  make  our  mineral  coal  the  product  exclusively  of  an  arborescent  floi-a 
is  not  consistent  with  Uie  facts  or  the  nature  of  things ;  and  we  are  forced 
to  return  to  the  marine  flora  as  part  of  the  formation,  before  we  can  recon- 
cile all  the  coincidents  of  our  fossil  vegetation  to  the  pi-odnction  of  coal. 

All  our  known  coal-fields  have  a  basin-shape,  while  the  aaigles  of  the 
strata  dip  to  a  common  centre.  If  non-conforming  coal  strata  exist,  it  is 
due  to  local  and  subsequent  causes, — denudation  and  unequal  movement  of 
the  superineumbent  strata. 

Consequently,  all  our  coal-fields  must  have  arisen  out  of  basins,  lakes,  or 
aeas,  and,  of  course,  from  or  in  the  water.  That  the  vegetation  grew 
entirely  m  the  water,  however,  is  not  evident ;  the  contrary  would  seem  to 
be  the  rule,  if  we  accepted  the  fossil  flora  of  the  eoalshtes  and  rocJ:s  as 
evidence  that  they  also  formed  coal ;  since  nearly  all  tlie  species  of  fossil 
flora  found  in  those  rocks  are  of  land  origin.  But  in  close  proximity  to 
tlie  coal  we  find  the  remains  of  a  gigantic  vegetation,  that  evidently  sprung 
irom  the  deep  mud  of  those  shallow  seas.  In  the  coal  itself  we  find  no 
positive  existence  of  vegetation, — no  trace  of  leaf  or  stem.  But  the  vast 
forms  of  the  Siglllaria  and  its  enormous  base  of  roots,  the  Stiff^naria,  are 
profusely  abundant  in  the  fire-clays  of  all  our  coal-beds,  and  particularly 
m  the  lower  series.  Here  also  the  towering  Lepidod&ndron  and  the  gigantic 
Catamite  had  their  exbtence.  They  and  their  species  form  the  chief  re- 
mains in  the  strata  of  the  lower  veins,  and  exist  exclusively  in  the  beds  of 
fire-day  supporting  the  coal,  while  their  stems  and  leaves  and  branches 
are  found  in  abundance  through  the  &!ates  which  immediately  overlie  the 
coal.  We  are  therefore  to  infer  that  they  formed  the  mass  of  our  lower 
beds  at  least,  if  we  are  to  concede  that  a  pure  vegetation  formed  our  exist- 
ing beds  of  coal,  which  is  doubtful,  as  we  shall  show. 

Our  coal-beds  are  of  vast  extent,  and  we  find  some  of  the  upper  seams 
existing  over  14,000  square  miles,  without  a  single  break  or  discontinua- 

*  Hugli  Millcr^s  "Old  Red  Sandatone." 
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tion  of  strata,  while,  in  all  probability,  the  lower  seams  will  be  found  to 
Underlie  the  entire  Alleghany  coal-field,  without  a  positive  discontinuity 
except  where  cut  off  by  the  streams  and  such  local  and  subsequent  causes. 

Therefore,  unless  we  admit  that  most  of  our  coal  vegetation  took  root 
deep  in  the  water,  we  must  assume  that  all  the  vast  area  of  over  70,000 
square  miles  was  level  and  one  vast  raarsh,  which  is  in  contradiction  to  all 
fact  and  in  violence  to  every  natural  process  that  we  can  conceive;  and 
those  who  advocate  this  and  claim  an  exclusive  arborescent  or  land 
vegetetion  as  producing  coal  must  summon  to  their  aid  earthquakes  and 
prodigies  of  Nature  for  every  coal-seam  existing,  in  order  to  reconcile  their 
theory  with  the  facts. 

We  have  no  reasoif'to  believe  the  aea  which  gave  growth  to  the  ancient 
flora  was  deep :  on  the  contrary,  it  was  a  shallow  sea,  aud  from  the  mud 
of  its  bottom — our  y>VQS,eat  fire-clays — sprung  up  tlic  long,  grape-vine-like 
Sigillaria,  and  Lepidodendra,  and  the  gigantic  Calamites. 

In  that  tepid  water  they  soon  reached  the  surface,  and  spread  out,  a  vast 
sTieet  of  luxuriant  vegetation.  The  waters  were  impregnated  with  hydro- 
carbon, and  its  surface,  loaded  with  the  heavy  carbonic  acid  gas  which  gave 
such  prodigious  energy  to  the  vegetable  growth,  came  in  contact  with  its 
vapors.  We  cannot  imagine  a  more  favorable  condition  for  an  unlimited 
growth,  since  no  change  of  atmosphere,  no  rigid  winter,  came  to  check  its 
vast  increase,  and  the  superabundance  of  carbon  prevented  its  decay. 
Instead  of  1000  years  being  required  to  form  a  coal-bed  (3)  three  feet 
thick,  it  did  not  require  as  many  months, — perhaps  not  as  many  weeks. 

This  vegetation  was  not  solid  wood,  such  as  we  now  find  in  our  forests, 
but  rank  fi-onds  or  sappy  vines,  full  of  carbon  or  resinous  and  oily  juices, 
containing,  in  fact,  more  of  the  solid  matter  of  coal  than  our  most  solid 
trees  of  to-day. 

There  could  "scarcely  be  a  limit  to  Uie  size  of  the  coal-bed  that  might 
thus  be  formed  but  its  own  weight  or  i  =ubb  dence  f  f  the  basm  an  1  thus 
we  can  readily  account  for  the  benches  m  om  laige  coal  beds,  none  of 
which  are  over  three  or  four  feet  thiol  The  immcn  e  amount  of  vtgeta 
tion  gradually  sinking  under  water,  as  it  formed  ind  betominT  hea^j 
with  water,  carbon,  and  bitumen,  would  evcntualh  snil  to  the  b  ttom  but 
immediately  the  vines  shoot  up  again  to  the  surfitt  and  the  process  lo 
repeated,  each  time  forming  either  a  thin  slate  or  a  bind  ot  imperfect  coal 
as  circumstances  might  determine.  Sometime'*  e\Gn  the  surface  of  this 
mass  of  vegetation  might  be  covered  with  a  layer  of  ashes,  soot,  &c.,  from 
the  discharge  of  distant  volcanoes,*  and  produce  the  same  result.  It  might 
be  interesting  to  calculate  the  immense  amount  of  vegetation  it  would 
require  to  form  a  vein  of  coal  equal  to  the  Mammoth. 

*  Ashes  and  sand  have  been  carried  from  200  to  1000  miles  from  violent  Toleanio  erup- 
tion.    See  furt}jer  in  this  chapler. 
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If  we  take  an  average  forest  of  our  present  day  as  the  base  of  onr  cal- 
culations, we  find  that  an  acre  of  gronnd  containing  65  trees,  each  ave- 
raging 240  cubic  feet  of  solid  timber  to  the  tree,  or  five  tons,  and  containing 
20  per  cent,  of  carbon,  will  produce  65  tons  of  charcoal;  or  it  would 
require  74  such  forests  to  produce  a  bed  of  coal  one  foot  thich,  which  con- 
tains 4840  tons  of  coal.  To  pursue  the  subject  further,  we  may  assume 
such  a  forest  of  whit«  oak  to  have  been  one  hundred  yeara  in  coming  to 
perfection,  and  we  thus  find  that  'it  would  require  7400  years  of  our  present 
forest  growth  to  fofm  a  bed  of  coal  (3)  three  feet  thick;  or  74,000  years  to 
accumulate  the  mass  of  coal  existing  in  our  30-foot  Mammoth  coal-bed. 

We  may  indulge  in  some  speculation  as  to  the  relative  time  required  to 
produce  the  same  result  during  the  ancient  flora.  We  find  the  heat,  the 
moisture,  the  carbon,  and  the  water,  all  combining  to  produce  an  excessive 
growth;  and  we  may  safely  assume  that  each  year  of  such  growth  would 
add  one  foot  to  the  thickness  of  the  vegetable  mass,  as  before  described. 
This  might  be  compressed,  in  the  shape  of  coal,  to  one*fifth  its  bulk  or 
weight,  and  all  that  it  would  lose  in  the  slow  combustion,  or  process  of 
charring,  in  the  bowels  of  the  earth,  would  be  more  than  supplied  by  the 
accession  of  carbon  and  hydrogen  from  the  subterranean  vapors  still  per- 
vading the  earth,  air,  and  water.  This  would  require  five  years  to  pro- 
duce one  foot  of  coal!  or  180  years  to  form  the  30-feet  coal  of  the  Mammoth. 

Wo  cannot  conceive  of  an^  tl  n  t  iral  process  by  which  our  largo 
veins  of  coal  could  be  form  Id      t  f  om  vegetable  matter. 

If  we  assume  the  veget  t  n  to  1  a  been  arborescent  and  the  peculiar 
fossil  flora  of  the  land,  we  an  t\  blv  accumulate  a  sufficient  mass,  by 
any  theory,  to  produce  a  th  t  t  m  of  coal.  Growing  on  the  land, 
and,  consequently,  in  the  a  t!  g  tl  of  successive  years  could  not  have 
been  preserved,  and  the  gr  tl  tl  t  Id  have  stood  on  the  place  where 
it  grew,  could  not  have  form  d  f    ur  smallest  available  coal-beds. 

If  we  assume  the  vegetat  t  1  a  b  en  of  the  peat,  or  bog,  order,  we 
must  admit  the  whole  of  t!  ast  a  f  our  Appalachian  coal  formation 
to  have  been  level,  and  tl  g  1  al  ubsidenco  of  the  land  would  then 
conform,  in  part,  to  the  requirements  of  the  facta  sustaining-  the  theorj'. 
But  even  they^ho  sustain  this  theory  of  peat-bog  formation  require  the 
growth  of  1500  years  to  form  the  ten-foot  Pittsburg  scam. 

We  do  not  believe  that  Nature  worked  so  slow.  At  this  rate  of  pro- 
gress it  would  require  15,000  years  to  form  our  100  feet  of  anthracite  coal, 
or  perhaps  ten  times  that  period  to  deposit  the  3000  feet  of  coal  measures 
in  which  this  coal  is  stratified;  while  the  total  thickness  of  the  fossiliferous 
strata,  from  the  azoic  to  the  cainozoic;  would  require  the  lapse  of  millions 
of  years.  Such  a  state  of  progress  is  unnecessary,  unnatural,  and  not 
consistent  with  the  facts. 

We  have  no  doubt  that  the  mighty  work  of  creation  was  accomplished 
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in  far  less  time  tlian  our  present  data  would  indicate;  we  cannot  judge  of 
tlte  productions  and  processes  of  the  past  by  tlie  present. 

Tracing  tlie  process  of  Nature  in  filling  the  great  Appalachian  basin 
■with  strata  upon  strata,  we  have  no  reason  to  think  tliat  numberless  ages 
transpired  during  its  accomplishment.  The  rivers  of  molten  lava  poured 
out  by  a  hundred  volcanoes  would  accumulate  the  mass  in  a  comparatively 
short  space  of  time.  It  may  be  argued  tliat  such  could  not  have  been  the 
real  nature  of  the  process,  in  view  of  the  animal  life  that  then  existed. 
But  it  is  evident  that  no  other  cause  could  effect  the  mighty  change  from 
an  unfathomable  ocean  to  a  vast  continent;  and,  therefore,  such  must  have 
been  the  cause  and  eiFect  to  a  greater  or  lesser  degree.  The  low  order  of 
animal  life  then  existing  was  only  found  in  strata  which  indicate  repose 
and  quiet;  they  therefore  sprung  into  existence  daring  every  short  pa'iod 
of  rest,  and  vanished  with  the  return  of  violence  and  change,  as  the  many 
palfeontological  breaks  in  the  ancient  strata  indicate  unequivocally. 

Whether  the  theory  of  the  water  vegetation— which  we  may  term  "  super- 
aqueous,"  since  it  really  grows  above  the  water,  while  its  roots  are  below 
it — or  the  peatbog  formation  be  accepted,  or,  in  fart,  any  other,  tlie  same 
subsidence  of  the  land  and  the  same  changes  of  condition  are  required  to 
accoimt  for  the  intervening  strata  of  slate  and  rock  which  form  our  coal 
measures.  In  the  former,  however,  the  subsidence  of  the  laud  is  not  a 
positive  necessity  to  account  for  the  superincumbent  strata,  since  the  vege- 
tation filling  the  water  would  be  crushed  down  by  accumulating  earthy 
matter,  and  the  sedimentary  process  and  tlie  formation  of  coal-beds  might 
go  on  witliout  the  necessity  of  a  gradual  or  an  intermittent  subsidence, 
The  question  is,  whetlier  or'not  the  tall  vines  of  the  SigiUaria,  &c.  could 
reach  the  surface  from  the  vast  depth  of  3000  feet,  or  the  total  thickness 
of  the  coal  measures.  We  do  not  think  the  proposition  at  all  probable, 
since  the  evidences  of  a  gradual  subsidence  of  the  interior  basin,  or  per- 
haps the  entire  Appalachian  formation,  is  overwhelming  and  unequivocal.* 

*  We  may  notice  a  fact  which  will  prove  either  tlio  one  or  the  other,  vii. :  Ihe  Eubsidence 
of  the  interior  of  the  liasin,  or  the  formation  of  coal  in  deep  water. 

The  highest  bod  of  ooal  at  tie  Portage  Summit,  on  the  line  of  the  Pennsjlvania  Rail- 
roat],  ia  2300  feet  above  tide,  while  the  same  bed,  at  Johnstown,  17  milea  west,  ia  1200  feet 
below  the  portage  level. 

The  elevation  of  the  strata  in  Northwestern  Pennsylvania,  at  ihe  head  of  the  Allegbany 
Eiver,  is  1500  feet  above  the  same  strata  at  Pittsburg;  while  the  coal  in  the  mountains  of 
West  Virginia,  along  the  eaatem  borders  of  the  field,  is  between  1500  and  2000  feet  above 
the  same  beds  on  the  Kanawha,  at  Charleston,  and  the  coal  of  Lookout  Mountain  is  lOOO 
fset  above  the  Tennessee  Eiver  at  Chattanooga,  or  above  the  same  beds  on  the  Ohio.  To 
the  west  and  northwest  the  elevation  is  much  less.  But  the  coal  on  the  Shenango,  at 
Sharon,  Ohio,  is  250  feet  above  its  level  on  the  Ohio  at  Pittsburg. 

The  anticlinal  bounding  the  great  Alleghany  ooal-fleld  to  the  west,  or  between  this  field 
and  the  basin  of  Indiana,  is  low  and  broad,  but  still  elevates  the  outcrop  considerable 
above  the  same  heda  towards  (he  centre  of  the  basin.     This  anticlinal  runs  from  Lake  Erie 
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We  may  consider  for  a  moment  the  conditioQs  and  change  which  re- 
sulted from  a  subsidence  of  the  land,  or  a  depression  of  tlie  vegetation 
forming  a  distinct  coal-bed, — the  process  by  which  the  superincumbent 
strata  formed,  and  the  inauguration  of  a  new  growth  of  vegetation. 

The  subsidence  of  one  portion  of  the  earth  most  either  result  from  its 
contraction  or  condensation,  or  from  volcanic  eruptions :  the  latter  cause 
we  must  presume  to  have  been  the  prevailing  one  during  this  eai'ly  period ; 
and  the  existence  of  long  lines  of  constantly  active  or  intermittent  vol- 
canoes on  either  hand,  to  the  east  and  west,  gives  ample  evidence  of  t!ie 
fact. 

But  whether  the  result  was  tlie  effect  of  one  or  the  other  of  those 
causes,  the  formation  of  the  anperincumbent  strata  would  be  much  the 
same.  In  the  one  case  it  would  be  slow  and  slaty,  or  the  sediment  would 
be  fine  and  argillaceous ;  while  in  the  other  and  later  it  would  accumulate 
rapidly  and  be  coai'se  and  arenaceous.  The  first,  resulting  from  the  debris 
of  older  strata  brought  in  by  rivers  and  floods  in  a  comparatively  quiet 
manner,  forms  slates,  shales,  and  limestones;  and  the  second,  resulting 
from  violent  commotions,  would  not  only  cause  the  accumulation  of  strata 
from  the  source's  of  the  first,  but  would  receive  vast  acquisitions  from  the 
floating  ashes,  sand,  and  dust  of  not  veiy  distant  volcanoes.* 

The  formation  of  the  upper  series  of  coal  measures  was  evidently  more 
slow  than  the  lower  series,  as  the  coarse  arenaceous  rocks  are  but  few  in 
number,  while  the  slates  and  sliales  are  profu,sely  abundant.  This  type, 
however,  of  the  general  character  of  the  great  Appalachian  region  has  an 
exception  in  tlie  isolated  anthracite  coal  basins  of  Pennsylvania,  since  the 
coarse  strata  here  exist  to  the  top  of  the  coal  measures :  still,  even  hero  we 
find  the  material  finer  in  the  late  than  the  eai'ly  formations.  The  anthra- 
cite basins  existed  in  the  vicinity  of  aetive  or  intermittent  volcanoes,  and 
derived  most  of  the  rocky  strata  from  these  soui-ces. 

to  Alobama.  It  is  simply  a  broad  axis,  or  antiolinal,  running  tlirougli  the  great  basin,  un 
the  same  principle  as  the  diviiling  antiolinala  in  our  smaller  ba=inh  The  fine  outcrops,  or 
western  extremity,  of  the  great  Appalnoluan  loimation  is  af  the  base  of  the  Black  iilUs, 
or  tie  eastern  foot  of  the  Boekj  Miuntams 

*  "Probably  the  most  remukable  eruption  of  modem  times  look  place  in  1815,  in  the 
island  of  Siunbawa,  one  of  the  Molucca  group  It  commenced  jn  the  Gth  of  April,  and 
did  not  entirely  cease  until  July  The  eiplOBiona  were  heard  in  feumatrt,  970  geographical 
miles  distant,  in  one  diieotion,  and  at  Ternate   in  the  oppo^jfe  dueolion   720  miles  distant. 

"So  heavy  mas  the  fall  of  ashes  at  the  distance  of  iO  miles  that  houses  were  erushed 
and  destroyed  beneath  them. 

"Towards  Celebes  they  were  carried  to  the  distance  of  217  miles,  and  tnwacAa  Java  300 
miles,  BO  as  to  occasion  a  dartneaa  greater  than,  that  of  the  darkest  nigbt.  On  the  12lli  of 
April  the  floating  cinders  to  the  westward  of  Sumatra  were  two  feet  thick,  and  ships  were 
forced  through  them  with  difficulty.  Large  tracts  of  country  were  coTcred  by  the  lava, 
and  out  of  12,000  inhabitants  on  the  island  only  26  survived." — Hitchcock's  Gsology. 

During  the  eruption  of  Cosiguina,  in  Guatemala  on  the  Paoifio,  in  1835,  ashes  fell  in 
Jaraiiioa,  800  miles  castworJ,  and  upon  the  deck  of  a  vessel  1200  miles  westward ! 
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In  this  connection  we  may  notice  several  singular  facts,  which  somewhat 
impair  the  best  theories  of  fossil  coal  vegetation.  Of  all  the  millions  of 
specimens  appertaining  to  a  thousajid  or  more  species  of  fossil  flora 
found  in  the  coal  measures,  but  few  have  been  found  in  the  coal.  They  are 
generally  found  in  the  clays,  slates,  shales,  and  sandstones  above  or  below 
the  coal ;  consequently,  as  those  measures  were  formed  from  the  debris  of 
the  land,  tlie  flora  found  in  them  would  be  of  terrestrial  growth.  But  it 
does  not  follow  that  the  coal  must  be  of  the  same  vegetation,  since  the 
theory  of  dHft  cannot  be  entertained  in  the  consideration  of  its  production. 
The  only  species  of  v^etation  found  in  such  close  connection  with  the  coal 
jis  to  warrant  an  assumption  of  their  being  the  coal-producing  flora,  are  the 
deep,  -water-rooted  SigiHarim,  Lepidodendra,  Catamites,  &c,,  and  their 
numerous  species,  growing  up  through  the  water  and  spreading  on  its  sur- 
face, as  before  described. 

But  of  all  the  fossil  remains  of  the  terrestrial  flora  we  do  not  find  one 
that  has  been  changed  to  coal ;  and  the  same  may  be  said  of  such  marine 
vegetation  as  exists  in  the  strata  not  in  immediate  contact  with  the  coal. 
All  the  numerous  fossil  remains  of  the  ancient  arborescent  vegetation  are 
solidified  into  sandstones  or  limestaues,  or  partake  of  the  character  of  the 
slates  and  shales  in  wliieh  they  are  found.  A  few  of  the  larger  trunks 
of  the  Sigillarite,  Calamites,  &e,,  have  been  found  coated  with  a  tliin  film 
of  coal ;  but  their  bodies  are  always  silicious  or  calcareous. 

Tliat  these  trees  originally  contained  both  carbon  and  bitumen  there  can 
lie  no  doubt ;  and  we  are  led  to  infer  that  these  constituents  of  all  vege- 
tation must  have  been  expelled  either  by  pressure  or  heat;  and  if  expelled 
in  the  shape  of  oil  or  bitumen,  the  results  might  produce  coal ;  and  thus, 
indirectly,  tlie  whole  of  the  ancient  vegetation  would  be  economized  in  the 
formation  of  our  mineral  fuel ;  while  the  direct  conversion  of  all  the  vege- 
tation of  the  Carboniferous  era  into  coal  was  an  impossibility. 

THEORIES  OF  COAL  FORMATION. 

It  is  a  fixed  law  of  nature  that  matter  cannot  become  exhausted  or  de- 
preciated in  weight,  though  it  may  change  from  one  substance  to  another. 
Carbon,  being  one  of  the  simple  substances  of  the  globe,  was  diffused 
through  all  matter  composing  it,  existing  in  the  vapors  of  the  atmosphere 
surrounding  it,  and  in  the  solid  portions  of  the  earth ;  but  during  the  eai-ly 
periods  of  tlie  earth's  existence,  when  the  mtei'nal  heat  held  the  gaseous 
substances  in  vapor,  the  earth  must  have  been  shrouded  by  carbon  and 
oxygen,  as. fixed  air  or  carbonic  acid;  and  the  manner  or  condition  in  which 
it  has  been  condensed  and  solidified  is  admirable  and  wonderful,  evincing 
an  economy  in  tlie  processes  of  nature  that  we  must  consider  as  provi- 
dential and  with  a  view  to  subsequent  results. 
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It  lias  been  preserved  as  lime,  coal,  bitumen,  and  oil,  as  -we  have  noticed 
in  the  foregoing  pages.  But  how,  or  in  what  form  and  manner,  is  the  sub- 
ject of  tlie  present  thesis.  It  has  been  inferred  that  all  carbon  returns  to 
the  earth  in  the  shape  of  vegetation ;  and  we  admit  that  as  a  fiicfc  now,  when 
our  atmosphere  contains  only  one-thousandth  part  of  carbonic  acid ;  but 
when  tlie  atmosphere  was  surchai^ed  with  heated  vapors,  and  carbonic 
acid,  being  the  heaviest,  shrouded  the  earth,  the  early  vegetation,  however 
great,  could  not  have  absorbed  it,  and  it  returned,  as  we  Imve  seen,  in  con- 
nection with  the  salts  of  calcium  and  magnesia,  forming  lime. 

It  is  evident,  however,  tliat  a  large  amount  of  carbon  was  tjihen  up  by 
the  early  vegebition  of  the  coal  era,  which  we  cannot  lose  siglit  of,  and 
which  mast  be  accounted  for.  As  we  before  noticed,  this  vegetation  did 
not  appear  to  form  coal  in  a  direct  manner,  but  the  carbon  it  contained 
was  distilled  or  expelled,  by  pressure  and  heat,  in  the  shape  of  oil,  which 
must  have  been  a  earburetted  hydrogen;  and  tliis  would  form  coal. 

Those  processes  would  form  coal  rapidly  and  in  great  bulk.  The  aque- 
ous vegetation  and  oils  of  vegetation  and  gas  combined,  or  either  one  of 
them,  would  produce  the  same  result  more  slowly.  But  both  of  these 
processes  must  have  been  carried  on  in  water.  In  fact,  the  evidence  is 
overwhelming  that  our  coal-fields  were  formed  in  basins  of  water, — lakes, 
seas,  or  oceans;  and  every  practical  theory  of  the  production  of  coal  re- 
quires this  condition,  to  reconcile  the  coincidences  and  detail  which  meet 
the  eye  of  the  miner. 

The  disposition  and  formation  of  the  rocky  strata  forming  the  coal 
measures- are  the  same  in  all  cases  and  the  result  of  the  same  causes. 

This  theory  seems  to  prevail  since  the  large  development  of  our  carbon 
oils,  or  petroleum,  which  is  formed  from  subterranean  gases,  resulting  from 
the  action  of  heat  and  water  on  the  carbon  of  the  rocks, — principally 
limestones  and  bituminous  shales.  It  exists  in  various  forms.  The 
naphtha  of  Persia  is  lighter  than  our  petroleum,  and  is  constituted  of  car- 
bon 82.20,  hydrogen  14,80;  and  our  lighter  or  lower  oils  are  of  much  the 
same  consistency.  The  heavy  or  lubricating  oil  is  denser  and  of  a  much 
thicker  consistency.  A  third  variety  is  still  less  fluid,  and  is  known  as 
maltha,  mineral  pitch,  sea-was,  &c.  It  is  of  the  consistency  of  tar,  but  is 
sometimes  found  in  a  pure  state,  resembling  tallow,  parafiine,  &c.  A  fourth 
is  called  "elastic  bitumen,"  and  is  nearly  the  same  substance  chemically  as 
caoutchouc,  which  contains  carbon  90,  hydrogen  10.  A  fifth  variety  is 
known  as  compact  bitumen,  or  asphaltum.  It  contains  carbon,  hydrogen, 
and  oxygen  in  various  proportions,  according  to  locality  and  purity.  It  is 
found  extensively  diffused  over  the  earth,  and  is  apparently  the  result  of 
solidified  naphtha  or  coal-oil,  since  it  is  generally  found  when  in  large 
bodies  near  volcanic  localities,  as  in  Judea  and  Trinidad,  but  is  rarely 
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found  among  the  older  or  primitive  rocks.  It  exists  stratified  or  in  veins 
among  all  the  roeks,  from  the  great  or  auroral  limestone  up. 

There  is  a  singular  connection  between  asplialt  and  mineral  coal  and 
asphalt  and  lime.  In  it3  purest  state  it  has  the  appearance  of  the  most 
beautiful  coal,  and  contains  the  constituents  of  coal,  but  with  a  larger  pro- 
portion of  bitumen  tlian  our  best  eannel.  Asphaltic  rock  contains  from 
SO  to  90  per  cent,  of  carbonate  of  limo,  and  from  10  to  20  of  bitumen. 
Pure  limestone  is  devoid  of  bitumen,  as  pure  coal  is  devoid  of  tlie  carbon- 
ate of  lime  or  the  salts  of  calcium  and  magneainm ;  and  both  may  have 
been  formed  in  the  same  manner,  but  under  different  temperatures,  and  in 
combination  with  a  greater  or  less  amount  of  carbon  and  earthy  substances. 

The  sixth  variety  of  naphtha  is  eannel  coal,  -which  is  simply  solidified 
petroleum  combined  with  vegetable  matter.  The  eighth  is  our  common 
bituminous  coal.  The  ninth  is  pure  anthracite  coal,  which  is  simply 
changed  by  heat  to  the  purest  mineral  carbon  except  the  diamond.  Per- 
haps we  may  add  the  tenth  variety  as  a  limestone;  but  we  do  not  wish  to 
extend  these  speculations  beyond  a  brief  notice,  since  volumes  might,  and 
vnll,  be  written  to  prove  or  disprove  them.  Our  purj^jose  is  simply  to  pre- 
sent facts  in  evidence  of  what  has  been  advanced,  or  in  support  of  the 
theory  of  the  condensation  of  carbon  oil  as  the  primary  and  chief  cause  of 
the  formation  of  coal-oils,  bituminous  matter,  and  our  extensive  beds  of 
mineral  coal. 

The  vapors  of  carbon  escaping  and  mixed  with  the  oxygen  of  the  air 
form  carbonic  acid.  This,  solidified  and  deprived  of  its  oxygen  and  in 
combination  with  the  minerals  calcium  and  magnesium,  forms  lime.  Pure 
carbon  condensed  forms  tlie  diamond,* 

*  Diamonds  are  always  found  in  volcanic  districts.  They  are  simplj  condensed  carbon; 
and  we  may  arrivo  at  the  mode  of  their  formation  if  we  consider  the  pressure  or  force 
exerted  by  volcanic  action.  Tbe  height  of  Cotopait  ia  19,000  feet  above  the  sea,;  the  level 
of  the  molten  lava  in  its  heart  below  the  sea-base  of  the  mountain,  we  cannot  conjectnre. 
It  oannot,  however,  be  ieea  than  the  height  of  the  mountain.  Now,  Cotopaii  has  projected 
matter  GOOD  feet  above  its  summit,  and  once  threw  a  stone  of  109  cubic  yards  in  siie  to  the 
distance  of  nine  miles.  From  this  we  can  form  a  faint  conception  of  the  weight  of  the  column 
which  is  lifted  by  the  forces  of  contraction  on  the  liquid  portions  of  the  earth,  and  find, 
too,  lie  immense  pressure  that  is  eierted  on  both  vapoT  and  liquids  at  the  base  of  the 
Tolcanic  column.  The  height  of  this  column  would  he  not  less  than  44,000  feet,  which, 
caloukling  the  specific  gravity  of  laya  at  2.9,  would  he  equal  to  about  3550  atmospheres, 
which,  wo  presume,  would  condense  the  vapor  of  carbon  and  form  the  diamond,  sinoo 
those  vapors  must  have  existed  or  now  exist  in  the  bowels  of  the  earth. 

A  diamond  enclosed  in  a  wrought-iron  shell  and  subjected  to  a  high  heat  will  dissolve  in 
carbon  and  change  the  wrought  to  oast  iron.  The  same  result  will  follow  if  anthracite  coal 
is  substituted  for  diamond;  but  the  coal  will  leave  a  small  amount  of  ashes,  which  the 
diamond  will  not.  If  pure  osygen  be  enclosed  in  a  glass  jar,  the  diamond  can  be  reduced 
to  carbonic  acid  by  placing  it  among  this  oiygen  and  igniting  it  with  a  lens  or  burning- 
glass.  On  being  ignited  in  osygen  it  will  burn  with  a  bright  and  lambent  flame  until  it  is 
entirely  consumed.  Anthracite  or  charcoal  will  burn  in  the  same  manner  and  produce  the 
same  results,  but  leave  a  residue  of  cavthy  matter. 
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The  gases  or  %-apors  of  carbon  arising  through  the  pores  of  the  heated 
earth,  or  direct  from  the  bases  of  volcauoes  in  water,  form  carbonated 
hydrogen  gas,  Hydi'o-carbon  oils  and  asplialtum,  in  connection  with 
vegetation  or  the  oils  of  v^etation,  form  bituminous  coal,  and  anthracite 
under  higher  di^reea  of  temperature. 

The  gasea  which  arise  from  the  action  of  internal  heat  on  the  carbonated 
rocks  aleo  produce  carbonated  hydrogen  gas  and  coal-oils  tlirongh  the  same 
process,  but  such  oils  are  more  highly  chai-ged  with  bitumen  than  the  oils 
resulting  direct  from  the  vapors  of  combustion. 

Thus  in  the  economy  of  Nature  there  is  no  great  complexity  of  operation. 
The  carbon  of  combustion  or  the  products  of  the  heated  earth  are  arrested 
by  both  air  and  watei',  and  condensed  to  both  liquids  and  solids,  and,  in 
connection  with  the  carbons  taken  up  by  vegetation,  form  mineral  coal. 


COAL  ASD   COAL-OIL. 

Hydro-carbon's,  petroleum,  or  naphtha,  are  the  condensed  results  of  car- 
bonated hydrogen  gas, — either  the  direct  results  of  volcanic  heat,  or  pro- 
duced by  the  action  of  internal  heat  on  the  carbonated  roolis. 

They  were  never  surface  formations,  because  their  lightness  would 
prevent  precipitation;  consequently,  if  formed  on  the  surface,  they  would 
still  exist  on  the  surface,  either  as  oil  or  solids,  and  could  not,  therefore, 
form  our  present  subterranean  depceits  of  petroleum. 

As  before  stated,  oils  escaping  to  the  surface  or  formed  on  the  suriace 

d      p     d  to    ate  n  f    li     1  Is,  bitumen,  coal,  &o,   AVe  must, 

tl      f  n  lud    tl    t  th         es  f    m  n    our  present  supply  of  petroleum, 

n  pi  tha  a         1  se  {    nt  i      lu  t   n    formed  since  the  deposit  of  tlie 

t  -at     n     h       tl   J         t     nd  1      luce  1  by  the  action  of  internal  heat,  or 

tl     huat  ca      d  1  y  1  n  th    c  bon  of  the  rocks.     Those  gases, 

fi     1      d      ndnslfna      mbnton  with  the  hydrogen  of  water, 

1  th        ult         h    j'o-'a  bi  n  II. 

Th  ttjlt         fth  n  the  deep  recesses  of  tiie  earth, 

fmln  tl  isnal^utm  of  escape,  keeps  tiiem  in  a  high 
t  t  f  t  n  n  — 1 1  team  n  a  b  ler ;  and  they  tha-efore  avail 
tl   msel         f         y         k  ce     I  ch  offers  a  means  of  exit.     On 

arriving  near  tlie  surface,  the  heavier  portion  of  those  gases  again  forms 
oil  if  arrested  by  water,  with  which,  however,  it  does  not  mix,  but  floats 
on  it. 

At  the  base  of  Mount  Vesuvius  the  vapors  of  carbon,  escaping  through 
the  sea,  form  naphtha,  which  is  seen  floating  on  the  water  in  great  cjuan- 
tities. 

The  lowest  stratum  in  M'hicli  oil  is  found  under  our  "Western  coal-fields 
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lies  very  near  the  great  or  Auroral  limestooe,  and  ia,  therefore,  a  mnch 
older  and  a  much  deeper  foi'mation  than  coal. 

In  the  East,  the  Auroral  limestone  is  25,000  feet  below  tlie  coal,  and  per- 
haps 10,000  feet  below  the  rocks  in  which  oil  is  known  to  exist.  But  so 
rapidly  does  the  strata  thin  towards  the  west,  the  probability  is  that  3000  to 
lOjOOO  feet  would  be  the  maximum  thickness  in  the  Western  coal-iields, 
from  the  conglomerate  to  the  Auroral  or  Matinal  limestone ;  while  the 
interval  contains  the  great  Carboniferous  limestone,  and  a  world  of  thin 
limestone  and  bituminous  strata,  from  the  "old  red"  to  the  " Medina 
Sandstone."* 

The  lime-rocks  must,  under  heat,  give  off  carbonated  gas ;  and  there  is 
every  reason  to  believe  the  production  of  carbonated  hydrogen  gas,  and 
consequently  hydro-carbon,  or  coal-oil,  must  have  been  gi'eater  before  the 
formation  of  coal  than  since,  because  the  heat  which  appears  to  produce 
these  gases  was  greater  before  than  after  the  formation  of  the  coal  measures. 
If  so,  and  we  cannot  doubt  it,  the  flow  of  gas  and  oil  into  the  great  sea  or 
basin  now  holding  our  coal  must  have  been  immense,  and  the  formation 
of  coal  in  connection  with  the  magnificent  vegetation  of  that  period  was 
the  result.  Such,  we  think,  was  an  absolute  condition  or  result  of  the 
natural  processes  of  that  era.  Since  the  flow  of  oil  into  the  waters,  alter 
the  escape  of  its  more  volatile  parts,  would  result  in  sedimentary  bitumen, 
and  moderate  heat  would  only  fecilitate  the  process,  as  now  exemplified  in 
cur  petroleum  refineries,  and  in  which  we  find  the  solids  are  by  no  means 
an  impure,  earthy  residuum,  but  the  richest  portions  of  the  constituents  of 
oil,  we  may  therefore  trace  our  coal-beds  to  the  gas  direct,  without  the 
mediation  of  vegelable  carbon.  But  the  fact  that  vegetation  existed  at  the 
time  in  such  great  profusion,  and  in  close  connection  with  our  coal-beds, 
and  that  the  v^table  oils  expelled  by  pressure  and  heat  must  have  been 
in  contact  with  the  rock  oils,  indicates  their  combination  in  the  production 
of  coal.  N'or  can  we  overlook  the  feet  that  tlie  air  contained  more  carbon, 
in  all  probability,  than  even  the  luxuriant  vegetation  of  that  era  could 
absorb;  consequently,  carbonic  acid  would  be  formed;  but  whetha'  it 
would  unite  with  the  hydro-carbons  to  form  coal,  or  with  the  metallic 
bases  to  form  lime,  is  a  scientific  question  that  we  cannot  determine.  It 
is  known,  however,  that  carbonic  acid,  solidified,  forms  a  snow-xoldie 
substance,  which  has  none  of  the  properties  of  coal,  but  intimately  con- 
nects it  with  lime.f 

In  the  beginning  of  this  chapter  we  presented  the  theory  of  coal  vege- 
tation, not  precisely  as  at  present  in  v<^ue  among  geologists,  but  such  as 
will  conform  to  a  natural  process,  and  which  can  be  explained  or  elucidated 
without  the  aid  of  earthquakes,  convulsions  of  nature,  or  prodigious  phe- 


*  See  Pig.  117,— tie  Great  Basin.  t  Dr,  Ure, 
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If  we  have  expressed  ourselves  elcarly,  it  will  be  found  that  no  conflict 
exists  in  the  two  theories  of  coal  formation  here  presented,  viz. :  that  of 
vegetation  and  tliat  of  the  condensation  of  naphtha,  but,  on  the  conti-ary,  the 
one  is  an  auxiliary  to  the  other,  and  clears  up  some  of  the  most  doubtful 
mysteries  in  the  practical  solution  of  the  question.  It  enables  us  to 
shorten  our  Carboniferous  period  some  million  of  years,  and  give  Nature 
the  credit  of  a  rapid  worker  and  a  wonderful  chemist,  instead  of  being  sloth- 
ful, mutable,  complex,  and  time-serving. 


ASTHRACITE  COAL  FORMATIONS. 

Of  the  fact  that  our  anthracite  coal-fields  are  part  of  the  great  Appa- 
lachian coal  formation  there  is  no  question ;  and  that  they  were  formed  at 
the  same  time,  and  under  nearly  the  same  circumstances,  is  not  doubted ; 
but  the  cause  which  led  to  the  subsequent  change  from  bituminous  to 
anthracite  is  a  matter  of  some  ai^ument. 

Accordin  t  th  t  J  raphical  features  of  the  present  Alleghany  coal- 
field and  th  d  2  of  t-  t  ata,  the  anthracite  fields  are  not  conformable,  and 
we  have  re  n  t  1  1  that  this  non-conformity  existed,  though  to  a  less 
extent,  prio  to  th  t  n  tion  of  coal.  Had  tlie  same  angle  of  dip  pre- 
vailed whici  g  to  t!  Alleghany  iield  its  basin  shape,  the  elevation  of 
tlie  anthracite  fields  would  liave  been  considerably  above  the  present  eleva- 
tion of  the  Alleghany  Mountains.  "We  have  no  doubt  these  fields  were 
higher  than  they  are  now,  but  their  immense  deposits  could  only  have  been 
formed  in  corresponding  basins,  independent  of  the  great  or  main  basin ; 
they  never  grew  into  their  present  magnitude  on  its  mere  edges. 

The  anthracite  coal  was,  therefore,  formed  in  deep,  isolated  lakes,  whether 
in  two  or  three  can  scarcely  be  determined,  but  all  the  area  covered  at  pre- 
sent with  conglomerate  must  have  been  under  water  at  the  commencement 
of  the  Carboniferous  era,  and  probably  much  more  that  has  since  been 
denuded:  therefore  the  presumption  is  they  were  originally  of  much 
greater  extent  than  at  present. 

The  folding  of  the  strata  in  the  vicinity  of  the  anthracite  coals — ^rosulting, 
as  before  stated,  from  subsidence  as  a  first  cause,  and  lateral  contraction  as 
the  last  and  second — naturally  formed  lakes  or  basins  in  this  locality,  as 
the  same  abrupt  strata  exist  in  the  vicinity  of  the  same  line  of  volcanic 
vents,  from  one  end  of  the  coast  range  to  the  other. 

Close  proximity  to  the  region  of  intense  volcanic  heat  not  only  tended 
to  keep  the  waters  ivarm,  but  increased  the  v^etation  and  imparted  to  the 
elements  great  volumes  of  the  vapors  of  carbon  and  its  resulting  gases,  in 
connection  with  the  hydrogen  of  water  and  the  oxygen  of  the  air. 
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We  iiave  noticed  all  our  PalaBozoie  formatious  in  the  great  Appalachian 
basins  are  <Iecreasing  from  east  to  west,  and  that  ail  our  stratified  rocks  arc 
much  tliicker  on  the  Atlantic  edge  of  the  basin  than  in  tlie  interior.  This 
law  or  condition  also  applies  to  the  anthracite  coal,  which  is  nearly  t-\vo- 
thirds  thicker  than  the  bituminous  coals  of  the  interior,  or  ferther  west. 
The  cause  undoubtedly  had  its  existence  in  the  same  sonrce  which  produced 
the  superior  thickness  of  the  strata,  viz.  volcanic  action,  increasing  both 
the  heat  and  the  volume  of  carbon. 

We  may  apply  tlie  same  theory  of  coal  formation  here  which  has  been 
applied  to  the  bituminous  beds  farther  west,  and  find  the  conditions  and 
coincidents  to  be  still  more  fiivorable. 

The  deep-rooted  Sigillaria,  the  towering  Lepidodendron,  and  the  gigantic 
Calamite,  with  their  numerous  species,  have  filled  the  deep  lake  to  its  brim, 
and  a  magnificent  luxuriance  of  foliage  spreads  over  its  surface ;  carbonic 
acid  shrouds  the  dark  green  in  still  deeper  hues,  and  imparts  to  the  growth 
a  vigor  unknown  to  later  ages.  Bitumen  and  carbon  oils  float  tlirough 
the  mass,  pr^erving  it  from  decay  and  adding  vast  acquisitions  to  its  bulk, 
nntil  tiie  face  of  the  lake  pre'^nts  no  appeai-ance  of  watei',  but  one  vast  sea 
of  fronds  and  low  leafy  vegetation. 

A  shower  of  volcanic  dust  and  ashes  miglit  crush  the  tender  growth, 
and  form  a  streak  of  slate  or  bone,  and  yet  not  smk  the  floating  mass  of 
vegetation.  But  ultimately  its  o^n  weight  would  sink  it  to  the  bottom, 
and  a  new  growth  would  arise,  with  but  a  slight  interval,  until  even  a 
"  mammoth"  of  60  feet  thickness  accumulated  in  its  depths,  with  all  the 
regularity  of  bench,  and  bone,  and  slate,  or  even  parting  sandstone. 

Eventually  these  changes  take  place,  as  the  result  of  subsidence  or  vol- 
canic action,  which  stop  the  growth  of  tlie  aqueous  vegetation,  and  cover 
the  nias.s  hitherto  formed  with  immense  deposits  of  arenaceous  and  argilla- 
ceous sediment,  drift,  or  volcanic  eruptions. 

The  commotion  causing  those  changes  at  length  dies  away,  and  quiet 
once  more  reigns.  The  finer  particles  of  matter,  held  in  solution  by  the 
ivaters,  are  thus  precipitated,  and  form  fire-day,  aa  the  soil  for  anotiier 
growth  of  Sigilkria ;  and  thus  tlie  process  goes  on,  and  the  coal-beds  aro 
formed. 

Much  has  been  said  about  the  trunks  of  trees  standing  erect  in  eoal-beds 
or  in  the  coal  measures,  and  many  theories  proposed  to  account  for  theiu 
existence.  It  seems  natural  that  the  towering  vines  and  gigantic  calamitcs 
should  stand  on  massive  and  comparatively  solid  bases;  and  it  would  not 
be  strange  if  those  trunks  should  stand  erect  even  when  the  foliage  whicli 
they  supported  should  be  kid  at  their  feet.  Frequently,  however,  those 
massive  forms  are  bent  over  and  laid  partially  on  their  sides,  with  the 
stumps  erect,  and  the  top  crushed  between   the  strata.     But  the  woody 
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part  of  these  h'uiiks  lying  outai<le  of  the  coal-beds  are  always  silicious 
or  calcareous,  aiid  do  not  form  coal.  Nor  do  tlie  trunks  of  arborescent 
trees,  or  the  terrestrial  vegetation,  found  in  the  surroumling  strata,  form 
coal,  though  drifted  in  profiKion  into  the  coal  measures  from  the  higher 
grounds  surrounding  tlio  coal-basins. 

There  are  local  phenomena  in  the  antliracite  coal-tields  which  would 
require  volumes  to  describe,  and  much  more  to  explain.  One  of  those  is 
the  varying  thickness  of  the  larger  veins  in  the  numerous  small  basins  and 
in  some  portions  of  the  large  basins. 

For  instance,  the  lower  veins  in  the  shallow  basins  of  Kcw  Boaton, 
Ulack  CreA,  &c.,  are  larger  than  the  same  veins  in  the  deeper  Ixvsins  of 
AVyoming  and  Schuylkill,  which  would  seem  to  imply  tliat  they  were 
formed  under  different  circumstances, — in  less  deptli  of  water,  or  more 
uniform  action  of  the  conditions  and  causes  operating  in  this  production. 
But  these  details  will  be  considered  more  minutely  in  Uie  description  of 
tho.se  basins  respectively,  further  on. 

The  causes  which  lead  to  the  production  of  anthracite  within  the  recog- 
nized bounds  of  a  great  bituminous  coal-field,  cannot  tail  to  he  an  interest- 
ing subject,  though  our  conclusions  may  be  dogmatic. 

Compared  with  the  immense  extent  of  the  field  in  which  the  anthracites 
exist,  their  area  is  insignificant,  but  their  comparative  value,  under  present 
circumstances,  is  in  inverse  proportion.  As  a  pure  coal,  containing  a 
maximum  percentage  of  carbon,  the  Pennsylvania  anthraeites  are  superior 
to  any  mineral  fuel  in  existence.  A  pure  specimen  contains  95  per  cent, 
of  carbon,  and  an  average  of  the  white-ash  varieties  will  yield  90  per  cent. 
It  is,  consequently,  more  dense  and  compact  than  any  other  kind  of  coal. 
A  cubic  yard  will  weigh  about  2700  pounds. 

One  theory  states  that  anthracite  coal  is  a  fresh-water  formation,  but 
docs  not  specify  the  effects  of  fresh  water  in  increasing  tlie  amount  of 
carbon. 

There  is  reason  to  credit  the  theory  of  fresh-water  lakes,  because  there 
is  evidence  that  our  anthracite  fields  were  detached  formations,  lower  tlian 
the  main  Western  basin,  and,  therefore,  likely  to  contain  fresh  water;  but 
the  fact  that  the  western  ends  of  these  lakes,  or  basins,  contain  sem  i-bitumi- 
nous,  and  the  eastern  ends  the  purest  of  anthracites,  seems  to  invalidate  the 
theory  in  its  application  to  the  coal  formation. 

A  second  one  is,  that  the  bitumen  has  been  driven  from  the  coal  by  heat, 
the  escape  of  the  volatile  matter  being  aided  by  the  steep  undulations  of 
the  strata  and  the  frequent  outcropping  of  the  uptilt«d  veins.  This,  of 
course,  would  be  a  sufficient  reason,  and  would  account  fully  for  a  dry, 
semi-bituminous  coal.  But  it  does  not  seem  to  meet  all  the  conditions  of 
a  pure,  hard  anthracite.  The  fracture  of  all  coals  of  a  bituminous  character 
is  cubical,  while  the  pure  anthracite  is  eonehoidal. 
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A  coal  once  formed  or  created  as  bituminous  -will  not  lose  its  peculiar 
character,  and  no  heat  that  can  be  applied  -will  change  its  fracture  without 
consuming  it.  We  find  a  "natural  coke"  in  the  Kichmond  coal-field,  and 
in  other  bituminous  coal-fields,  in  the  vicinity  of  trap  dtlzes,  where  the 
bitumen  has  been  expelled,  leaving  what  should  be  anthracite  according 
to  the  theory;  but  this  coal  has  a  cubical  fracture  and  a  dull,  coke-looking 
appearance. 

We  have  no  doubt  heat  was  the  cause  of  dispelling  the  bitumen  from  our 
anthracite  coals,  but  it  was  wlule  the  carbon  was  in  a  fluid  state  and  before 
the  coed  was  formed.  The  anthracite  was  formed  in  the  earth  as  it  now 
exists,  and  has  not  been  materially  altered  by  heat  since  ito  formation, 
though  it  has  evidently  changed  its  position,  becoming  more  abrapt  in  its 
angles  of  dip  by  the  continued  subsidence  or  lateral  contraction  of  the 
region. 

We  think  the  feet  above  set  forth  conclusive,  and  needs  no  demonstration, 
because  the  heat  must  have  been  greater  at,  or  before,  the  time  coal  was 
formed,  than  since;  and  we  need  scarcely  state  that  the  volatile  or  bitumi- 
nous matter  would  escape  more  readily  when  in  a  fluid  than  in  a  solid 
state;  when  unconfined  rather  than  when  sealed  in  the  rocky  strata  of  the 
earth. 

We  find  the  change  from  anthracite  to  bituminous  gradual,  and  locally 
the  point  of  change  is  imperceptible,  while  the  gradation  is  general  from 
east  to  west.  In  the  vicinity  of  the  volcanic  regions,  at  the  east,  we 
have  the  pure  anthracite;  while  at  the  western  end  of  the  same  basin  we 
find  semi-bituminous,  or  soft  anthracite.  At  Broad  Top  and  in  the  Sulli- 
van county  detached  basins — lying  between  the  antln-acite  and  the  bitumi- 
nous fields — the  coal  is  in  a  transition  state,  containing  from  SO  to  85  per 
cent,  of  carbon,  and,  consequently,  a  very  small  amount  of  bitumen.  At 
Blossbui^,  Ralston,  and  Cumberland  we  find  a  "steam  coal"  with  an 
increasing  amount  of  bitumen,  or  from  75  to  85  per  cent,  of  carbon. 
Farther  west,  the  amount  of  bitumen  increases  rapidly,  ranging  from  15 
to  50  per  cent.  In  the  Kanawha  region,  in  Kentucky  and  some  portions 
of  Ohio,  the  bitumen  preponderates,  while  the  carbon  exists  in  minimum 
quantities.  As  a  coal,  the  cannel  contains  the  least,  while  the  anthracite 
contains  the  lai^est  amount  of  carbon. 

The  carbon  forming  anthracite  came  direct  from  its  volcanic  source,  and 
was  not  affected  by  carbonic  acid  or  lime,  or  by  hydrogen  to  any  great 
extent,  as  the  coals  of  the  West  are.  The  gases  or  oils  forming  the 
bituminous  coals  must  have  been  produced  by  internal  heat,  as  in  the 
ease  of  anthracite;  but  these  gases  and  oils  arose  through  or  from  the 
great  limestones  and  bituminous  slialcs,  and  were,  consequently,  changed 
thereby. 
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"We  might  extend  this  chapter  to  an  indefinite  length  in  explanation  of 
those  great  chemical  processes  of  Nature,  and  in  giving  many  other 
theorica  of  our  coal  formations;  but,  while  aiming  to  be  practical,  we  are 
in  danger  of  giving  more  speculation  and  theory  than  £ict. 

In  justice,  however,  to  Prof.  H.  T>.  Rogers,  whose  eminent  position  and 
laborious  researches  among  our  coal-fields  entitle  his  opinions  to  respect  and 
regard,  we  give  his  theory  of  their  formations,  which  will  be  found  in  the 
Appendix.  It  covers  the  ground  of  the  terrestrial  vegetation,  peat-bog, 
and  drift  tlieories,  or  combines  them  all. 
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CHAPTER    V. 

GENERAL  DISTEIBUTION   OF  COAL. 

Area  of  American  Coal-Fielda  in  the  United  States — AppalacMan  Coal-Basins — British 
North  American  Provinces— British  Coal-Fields — European  Coal-FieldB — CompfiratiTe 
Table  of  the  Coal-Prodneing  Countries — Conditions  neoeBsarj  to  the  Esistenee  of  Coal 
— Formations  of  the  Eooky  Mountains — South  American  Coals — Coal-Fields  of  the  Old 
World— The  Ottoman  Empire— Asia — Australia— Her  Coal-Fields  beneath  tho  Conglome- 
rate— Coal-Seam  s— Anal  j  sis. 

In  the  present  chapter  wc  propose  giving  a  brief  account  of  the  known 
or  developed  coal-fields  of  the  world,  reserving  a  detailed  or  general 
description  of  the  more  interesting  and  prominent  coal  regions  for  their 
appropriate  place  in  the  following  chapters.  In  this  we  shall  merely 
glance  again  at  the  extent  of  our  coal-fields  in  comparison  with  those  of 
other  countries.  We  shall  pass  rapidly  over  the  celebrated  mining  districts 
of  Great  Britain  for  the  present,  and  dwell  longer,  perhaps,  in  the  unex- 
plored wilds  of  Australia  and  the  coal-fields  of  China  than  in  the  valley 
of  Wyoming  or  on  the  famous  banks  of  the  Tyne  and  the  Tees.  To  tlie 
latter,  however,  we  shall  return  again;  but  a  brief  notice  of  the  former 
will  be  all  we  intend  to  give. 

We  may  here  notice  a  circumstance  which  may  be  perplexing  to  the 
general  reader,  and  particularly  to  those  who  are  familiar  with  the  existing 
popular  works  on  coal  formations.  No  two  works  or  authors  agree  on  the 
general  area  of  our  prominent  coal-fields  or  the  coal  area  of  our  great  coal- 
producing  countries. 

Taylor  makes  the  coal  area  of  GEreat  Britain  11,859  square  miles.  Prof. 
Hitchcock  gives  it  as  12,000.  A  popular  little  English  work,  "Our  Coal 
and  our  Coal-Pits,"  gives  the  area  on  one  page  as  11,859,  and  on  another 
at  7995  square  miles;  while  Prof.  Rogers  states  the  area  of  the  British 
coal-fields  to  be  only  5400  square  miles.  We  note  this  discrepancy  to 
prepare  the  reader  for  such  changes  of  figures  and  area  as  may  appear  in 
this  work,  since  constant  developments  are  being  made  which  increase  or 
decrease  the  estimates  as  careful  surveys  may  determine. 

In  this  country  we  find  that  new  developments  are  constantly  adding  to 
our  prospective  coal  area,  while  in  England  the  contrary  seems  to  be  the 
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result.     In  1845  our  coal  area  was  stated  to  be  133,000  square  miles.     It 
is  DOW  known  to  be  over  200,000  square  miles. 

AREAS   OF  AMERiaiN   COAL-FIELDS. 

Sq.  miles. 

Massachusetta  and  Rliode  Island,  Antliracite,  100  to  600 301) 

Pennsylvania,  Anthracite 470 

Pennsylvania,  Bituminous 12, 65(5 

Maryland, 
West  Virginia, 
East  Virginia, 
North  Carolina, 


Georgia, 

Alabania, 

Kentucky, 

Ohio, 

Indiaaa, 

Illinois, 

Michigan, 

Missouri, 
Nebraska, 
Kansas, 
Arkansas, 
Indian  Terr] 


1,000 
4,000 
2,000 


"        Anthracite 100 

Washington  Territory,  estimated  Bituminous 750 

West  of  Rocky  Mountains,  "  "  5.000 

200,2fi6 
To  which  may  be  added,  as  recent  formations: — 
Tertiary  Coals,  Lignites,  &c,,  mostly  around  the  Uocky  Mountains..  200,000 


AREAS   OF  THE   GREAT   COAL-FIELDS   WITHIN   THE   ANCIEKT   APPALACHIAN 
BASIN. 

Sq.  miles.       Lengtli.  Mas.  tilth. 

Alleghany,  or  Eastern  Basin 55,000         875         180 

Great  Middle  Basin 50,00(J         370         200 

^Vthwestern  Basin  and  Michigan 75,000         550         200 

,    Westeru,  or  Eoeky  Mountain  Basin 20,000(?)    400  50 

Texas,  or  Southern  Basin ,...     3,000 

203,000 
To  this  may  be  added  the  area  of  the  British  Provinces,  as  properly 

belonging  to  the  same  great  fi 
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COAL   FORMATIONS  OF   THE   BRITISH   NORTH   AMERICAH  PROVINCES. 

The  toGil  area  of  the  Arcadian  coal  formation  is  not  less  than  9000 
square  miles  j  but  only  a  small  portion  of  it  contains  workable  coal, — 
perhaps  not  more  than  2200  si^uare  miles, 

BRITISH   NOETH   AMERICAN   PROYINCES. 

Sq.  miles. 

NcwfoundliiQii,  estimated  from  100  to  1000 250 

Cape  Breton,  Sidney  Goal 200 

Picton 350 

Cumberland - -■■-■      250 

Prince  Edward's  Island 150 

Now  Brunswick liOOO 

2,200 

AREA  OF   THE   BEITISH   COAL-FIELDS. 

Sq.  miles. 

Great  Northern  Coal-field,  Northumberland  and  Durham 750 

Great  Central  Coal-field,  Yorkshire 900 

Cumberland,  West !«<> 

Lancashire,  Cheshire 500 

North  Wal^ 160 


Staffordshire 250 

Warwickshire 105 

Forest  of  Dean 30 

Somerset  and  Gloucester 50 

Derbyshire 250 

South  Wales 1250 

Scotland 1500 

Ireland  (estimated  as  2227  aquai-c  miles  of  formation) 250 

6195 

If  we  (leduct  from  the  above  1000  square  miles  for  faults,  trap  dikes, 
and  "worked-out"  territory,  we  may  estimate  the  remainder,  or  about  5000 
square  miles,  as  the  present  available  resources  of  the  British  coal  mines. 

The  average  thickness  of  the  six  principal  English  coal-fields  is  about  75 
feet.  Of  this  amount  we  may  safely  estimate  two-thirds,  or  60  feet,  will 
be  available,  sinc^  the  time  will  come  when  the  seams  which  arc  now  con- 
sidered too  small  to  "get"  will  be  found  workable.  "We  know  that  seams 
of  the  more  valuable  coal,  12  inches  thick,  have  been  worked  successfully, 
as  we  shall  describe  fiirther  on. 

We  may  calculate  the  amount  of  available  English  coals  on  this  esti- 
mate, and  not  be  wide  of  the  mark.     Each  foot  vertical  will  yield  1500 
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tons  of  coal  to  the  acre ;  or  50  feet  total  thickncsa  will  yield  75,000  tons 
per  acre.  Thus,  5000  square  mil^,  at  640  acres  to  the  mile,  will  produce 
240,000,000,000  tons ;  but  how  much  should  be  deducted  for  denudation 
and  email  extent  of  upper  seams  wc  cannot  determine.  AVe  refer  to  the 
table  on  the  next  page. 

AEEA  OF   THE   EUROPEAN   COAL-FIELDS. 


Great  Britain 12,000 6195 

France 4000 1000 

Belgium 520 610 

Saarbrook  Coal-field ?   960 

Westphalia ?   380 

Bohemia ?   400 

Saxony ?   30 

Spain 4000 200 

Russia ?    - _100 

9775 

In  the  following  table  will  be  found  a  comparative  estimate  of  the  coal 
resources  of  the  principal  eoal-produeiiig  countries.  M'e  have  assumed 
that  one-third  of  the  total  thickness  of  the  coal-seams  is  available,  and 
that  each  foot  of  coal  in  vertical  thickness  will  produce  1500  tons  of  coal 
per  aere,  leaving  1613  tons  as  waste,  which  will  cover  tlic  waste  of  the 
English  miners,  but  will  not  cover  the  general  waste. 

THE  CONDITIONS   NECESSARY   TO   THE   EXISTENCE   OF  COAL. 

We  will  briefly  notice  here  the  undeveloped  coal  regions  reported,  [Xid 
give  such  information  regarding  them  as  we  may  find  available.  Outside 
of  the  countries  enumerated  above,  but  little  is  known  of  the  coal  forma- 
tions of  the  world,  though  it  is  probable  that  vast  coal  regions  exist  in 
Brazil,  China,  Hindostan,  Africa,  and  Australia.  We  may  state,  however, 
positively,  that  no  portion  of  the  globe  is  so  rich  in  coal  as  North  America, 
or,  more  definitely,  the  United  States.  In  no  other  instance  do  we  find  the 
Palceozoic  strata  so  perfect  and  extensive,  or  which  bear  any  comparison  to 
the  great  Paheozoic  coal  formations  of  the  ancient  Appalachian  basins. 

The  great  Carboniferous  era  was  a  ilxed  period  of  time  in  the  early 
geological  history  of  the  earth.  It  was  the  acme  of  vegetation,  which 
owed  its  superior  growth  and  magnificence  to  the  fiivorable  conditions  that 
then  existed ;  to  the  constant,  unchanging  tropical  temperature,  the  genial 
moisture,  and  the  superabundance  of  carbonic  acid  which  then  gave  life 
and  vigor  to  the  ancient  flora. 

But,  as  we  have  pointed  out  in  the  foregoing  chapter,  it  ^vaa  not  only 
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necessary  that  the  atmosplieric  conditions  should  be  thus  favorable,  but  tlio 
physical  condition  was  of  equal  importance.  Water  in  shallow  seas  or 
lakes,  a  soft  and  yielding  soil,  and  a  general  basin-shape  were  all  prime 
necessities ;  and  such  are  the  conditions  recjuired  to  produce  coal,  according 
to  the  former  vegetation  theory. 

But  if  we  have  clearly  expressed  the  nature  and  requirements  of  coal 
formations  in  the  preceding  chapters,  it  will  appear  evident  that  the  above 
conditions  are  not  of  themselves  BufScient  to  produce  the  mineral  coal  of 
our  true  Carboniferous  era ;  and  consequently  the  coals  of  that  era  are  con- 
fined to  certain  lithologieal  strata,  generally  represented  by  the  great  Carbo- 
niferous Kmestonc  and  the  millstone  grit,  on  which  the  true  coals  are 
invariably  found,  except  in  cases  of  denudation  or  subsidence.  The  ex- 
ceptions to  this  general  law  of  nature  are  but  few ;  in  fact,  no  great  an;l 
extensive  beds  of  true  coal  are  found  in  any  other  connection.  The  Carbo- 
niferous era  closed  the  PaheoKoic  day,  and  crowned  the  Palieozoic  column. 

The  simple  reason  is,  certain  combinations  are  required — heat,  moisture, 
carbonic  acid — to  produce  vegetation;  a  lithologieal  structure  necessary 
to  retain  water  in  basins ;  internal  heat  operating  on  limestones,  or  carbo- 
nated rocks,  to  produce,  in  connection  with  water,  the  hydro-carbons  or 
bitumen  of  our  coal  formations. 

When  coal  is  found  under  other  circumstances,  it  is  always  imperfect, 
unrehable,  and  limited,  deriving  its  carbon  oils  or  bitumen  direct  from 
volcanic  sources,  or,  to  a  limited  extent,  from  the  same  causes  operating  to 
form  the  true  coal,  as  the  Permian  coal  immediately  above  the  Carboniferous 


Wo  have  thus  stated  briefly  the  reasons  why  coal  may  not  be  found  in 
all  countries,  since  the  Carboniferous  era  existed  through  a  comparative 
lengthy  period  of  time,  and  seems  to  have  flourished  cotemporaneously  in 
all  parts  of  the  earth ;  and  we  might  expect  to  find  the  conditions,  as  set 
forth  in  the  two  first  propositions,  viz.:  vegetation  and  basins  of  water 
in  many  portions  of  the  world  where  coal  does  not  exist.  We  tlierefore 
cannot  expect  to  find  extensive  fields  of  coal,  or  any  true  coal  of  the  Car- 
boniferous period,  where  all  the  before-mentioned  conditions  do  not  exist. 

We  do  not  expect  to  find  great  deposits  of  the  true  coal  west  of  the 
Rooky  Mountains,  in  Mexico,  Central  America,  or  the  mountainous  i-egiou:* 
of  the  Southern  Continent,  or  even  north  of  the  great  lakes.  But  coal 
may,  and  does,  exist  in  all  the  regions  named,  as  it  exists  ia  the  same  cha- 
racter of  rocks,  and,  perhaps,  under  the  same  conditions  of  formation  in 
small  basins  of  imperfect  form  along  the  granitic  slopes  of  the  Atlantic, 
in  Massachusetts,  Ehode  Island,  Virginia,  and  North  Carolina;  or  still 
more  recent  and  more  imperfect  deposits  of  Tertiary  coal  and  lignites  may 
exist  in  extensive  fields,  as  those  which  occupy  so  large  an  area  around  the 
Eocky  Mountains. 
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COAL  FORMATIONS   OF   THE  EOCKY   MOUNTAIKS. 

We  include  under  this  head  an  extensive  and  rather  indefinite  region, 
extending  from  British  America  to  Mexieo. 

Thia  portion  of  our  continent  is  a  terra  incognUa,  in  a  comparative  sense, 
to  the  geologist;  but  the  Palreozoic  formations  are  known  to  exist  around 
those  towering  peaks  of  granite  to  an  indefinite  extent,  either  concealed  bv 
the  cretaceous  and  recent  deposits,  or  in  the  obscurity  of  savage  wilds. 
Many  of  our  intrepid  explorers  of  the  West,  however,  have  reported  coal 
along  the  base  of  the  Eocky  Mountains,  and  numerous  localities  are  pointed 
out,  from  the  Black  Hills  in  the  North,  across  the  Platte  and  Arkansas 
Eivers,  to  the  Eio  Grande,  where  true  coal  has  been  found. 

Mr.  Elisha  Beadle,  a  miner  of  much  experience  from  Pottsville,  Penn- 
sylvania, mentions  the  existence  of  true  coal  in  the  Black  Hills,  near  Fort 
Laramie,  in  a  letter  published  in  1853, 

He  says  "the  coal  existe  in  regularly  stratified  sandstones,  while  the 
appearance  of  the  formation  is  much  the  same  as  that  in  Schuylkill  county 
and  in  the  bituminous  fields  of  the  West." 

From  a  careful  comparison  of  the  various  descriptions  we  have  received 
of  the  coal  fi)rmations  lying  along  theeasternbaseof  the  Eocky  Mountains, 
we  are  constrained  to  conclude  them  to  be  bituminous  coals,  but  of  an 
indefinite  era.  Whetlier  tkey  are  a  continuation  of  the  great  Appalachian 
formations  or  not,  it  is  impossible  at  present  to  determine. 

There  appears  to  be  an  immense  formation  of  brown  coai,  Tertiary  coal, 
or  lignite,  lying  between  the  known  and  developed  portions  of  the  true 
Carboniferous  coal  and  the  coal  of  the  Eocky  Mountains.  Its  range  is 
immense,  stretching  from  the  Rio  Grande  to  the  head-waters  of  the  Mis- 
souri, possibly  extending  to  the  limits  of  the  Palieozoie  formations  in 
British  America  to  the  north,  and  extending  along  the  eastern  slopes  of 
the  Eocky  Mountains,  the  Mexican  Cordilleras,  and  the  And^  of  the 
Soutli.  It  is,  therefore,  possible  and  probable  that  our  true  coal  formation 
ef  the  East  continues  its  depreciation,  as  we  have  frequently  noticed,  until 
it  terminates  in  mere  lignites,  and  the  true  coal  formations  of  the  West 
may  be  independent  basins  of  recent  formation.  The  fact  of  these  im- 
mense deposits  of  Tertiary  coal  or  lignites  existing  in  the  western  portions 
of  the  great  basin,  would  indicate  the  absence  of  the  necessary  conditioiis 
required  for  the  formation  of  true  coal;  and  the  thinning  or  depreciation 
of  the  Palffiozoie  strata  in  that  direction  would  justify  such  a  conclusion, 
though  ample  evidence  is  offered  of  the  existence  of  a  shallow  sea. 

There  is,  however,  a  second  theory  which  applies  to  the  Western  forma- 
tions, but  based  on  mere  speculation  in  the  absence  of  geological  know- 
ledge. This  tlieory  assumes  that  the  true  or  carboniferous  strata  may 
underlie  the  Western  fields  of  brown  coal  and  lignites  and  the  cretaceous 
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strata  of  the  prairies  of  the  far  West,  as  the  true  coals  of  Illinois  underlie 
the  Permian  strata.  This  is  doubtful,  to  say  the  least,  though  we  intimated 
ill  a  former  chapter  the  possibility  of  the  formation  of  the  palaeozoic  strata 
in  a  western  as  well  as  an  eastern  direction. 

The  true  coal  of  the  great- basin  extends  through  Texas  in  a  southern 
direction,  and  run  to  a  point  or  comparatively  narrow  deposit  in  Mexico. 
It  is  found  in  Coahuila,  New  Leon,  San  Luis  Potosi,  and  as  &.r  south  as 
Vera  Cruz  and  Oaxaca.  It  has  been  mined  at  Heveilla,  on  the  left  bank 
of  the  Saiada  Kiver,  about  125  miles  above  Camargo,  by  an  American 
company.  The  coal  is  hard,  bituminous,  and  stratifioil  witli  sandstuiics. 
It  has  also  been  proved  in  Oaxaca  and  on  the  proposed  route  of  tlic 
Tehuantepec  Kailroad. 

It  would  appear  from  the  foregoing  facts  that  the  ancient  Appalachian 
Sea  was  not  confined  to  the  present  North  American  Continent,  but  that 
its  southwestern  borders  were  along  the  eastern  slopes  of  the  mountains  of 
Mexico  and  Yucatan. 

We  may,  therefore,  assume  that  the  ancient  pea  was  isolated,— that  it 
liad  no  connection  originally  with  the  Atlantic,  but  haa  been  subsequently 
connected  by  the  subsidence  of  the  ancient  coast-ranges  to  the  south. 

This  interesting  scientific  question  cannot  be  determined  without  more 
geological  knowledge  than  M"e  now  pohscss  of  the  we--tern  and  hnuthei'u 
limits  of  the  great  basin. 


SOUTH  AMERICAN   COALS. 

Coal  exists  at  various  localities  along  the  Pacific  coast,  from  Russian 
America  to  Patagonia,  and  is  now  mined  to  a  limited  extent  m  Vancouver's 
Island,  Washington  Territory,  Oregon,  California,  at  Panama,  in  New 
Granada,  and  at  the  towns  of  Lota,  Lotilla,  and  Coronel,  in  Chili.  But 
all  these  coals  are  of  later  date  than  the  true  Carboniferous,  and  appear  to 
be  the  production  of  periods  from  the  Jurassic  to  the  Tertiary.  They  are 
of  all  grades  of  the  bituminous  class,  from  the  mineral  pitch,  or  asphaltum, 
to  the  natural  coke.  The  veins  or  seams  are  generally  thin  and  unreliable, 
and  subject  to  the  imperfections  natural  to  all  coals  of  recent  formations. 
But,  under  present  circumstance,  these  deposits  of  coal  are  invaluable  to 
the  commerce  of  the  Pacific. 

The  coal-mines  of  Panama  are  worked  by  several  English  and  American 
companies  almost  exclusively  for  the  use  of  the  ocean-steamers  of  the 
Pacific.  The  coal  is  of  a  soft,  bituminous  character,  and  is  much  inferior 
to  the  English  and  our  Cumberland  steara  coals. 

Though  coal  exists  at  intervals  along  the  entire  Pacific  coast,  it  is  only 
worked  at  two  prominent  points  south  of  California,  viz.:  Panama  and  at 
the  Chilian  mines  in  the  northern  portion  of  Araucania.     The  mines  in 
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Chili  are  located  at  the  towns  or  bays  of  Lota,  Lotilla,  and  Coronel,  which 
lie  about  200  miles  north  of  Yaldivia.  The  coal  ai-ea  is  comparatively 
extensive,  but  the  seams  are  generally  thin  and  fi.'ec[iiont!y  terminate 
abruptly.  Their  dip  is  irregular  or  undulating,  and  mining  operations  are 
conducted  by  both  shaft  and  drift.  A  considerable  coal  trade  is  done  here, 
and  sailing-vessels  are  constantly  being  laden  for  various  ports  on  the 
Pacific,  and  passing  steamers  generally  supply  themselves  here.  The  coal 
is  soft,  and  burns  rapidly  with  great  flame  and  smoke,  but  leaves  only  a 
moderate  residuum  and  makes  no  clinker.  This  coal  costs  about  six 
dollars  per  ton  on  board;  while  anthracite  is  now  (1865)  worth  twenty 
dollars  per  ton  in  this  part  of  the  world. 

The  mines  of  Lota  arc  the  most  extensive,  and  produce  about  10,000 
tons  per  month  under  the  management  of  experienced  English  miners. 
This  is  exclusive  of  the  production  of  the  Lotilla  and  Coronel  mines,  of 
which  we  have  no  data. 

Of  the  coal  of  Brazil  and  tlie  Atlantic  slopes  of  South  America  but 
little  is  known,  though  it  is  said  to  exist  in  numerous  localities,  and  tlie 
configuration  of  the  interior  basins  would  lead  us  to  expect  the  existence 
of  coal  if  the  geological  conditions  are  &vorabIe. 

We  may  anticipate  many  valuable  results  from  the  present  scientific 
expedition  of  Prof.  Agassiz  and  his  party  to  South  America.  They  visited 
the  rich  and  magnificent  region  of  the  Amazon,  equal,  perhaps,  to  the 
great  valley  of  the  Mississippi,  but  which  has  hitherto  been  as  a  scalerl 
book  to  science  and  the  world. 


In  an  accompanying  table,  on  page  88,  we  gave  the  coal  area  of  the 
principal  coal -producing  countries  of  Europe,  and  shall  not,  in  this  chapter, 
attempt  a  description  of  their  old  and  celebrated  mines;  but  we  propcrae  to 
devote  the  following  chapters  to  that  purpose.  We  may  here  notice,  how- 
ever, the  exceedingly  limited  area  of  the  European  coal-fields  in  comparison 
with  those  of  the  United  States.  The  whole  of  Europe,  comprising  a 
total  area  of  3,758,000  square  miles,  has  less  than  10,000  square  miles  of 
coal-producing  area;  while  the  United  States,  with  3,000,000  square  miles 
of  territory,  has  over  200,000  square  miles  of  productive  coal  area.  Yet, 
limited  as  the  coal  area  of  Europe  is,  the  islands  of  Great  Britain,  with  a 
total  territory  of  121,000  square  miles,  contain  more  than  half  the  coals  of 
Europe.  The  proportion  of  coal  in  Europe  is  shout  one  square  mile  of 
coal  to  every  375  of  ten-itory;  while  the  proportion  of  England  is  ^, 
or  one  square  mile  of  coal  to  every  20  square  miles  of  territory.  The 
proportion  of  the  United  States  is  ^  or  one  of  coal  to  every  15  of 
territory. 
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TRE   OTTOMAN   EMPIRE. 


The  coal  of  Turkey  is  principally  in  Asia  Minor,  but  partly  in  Europe, 
and  lies  along  the  shores  of  Marmora  and  the  Black  Sea,  and  is  distribiitetl 
over  a  range  of  180  miles  along  these  seas  and  tlie  Archipelago. 


It  appears  to  have  a  wide  distribution  in  this  part  of  the  Turkish 
Empire.  The  localities  where  it  is  found  are  at  Amastra  and  Erekli,  on 
the  Black  Sea,  Vivan,  on  the  Sea  of  Marmora,  Scala  Nova,  on  the  Archi- 
pelago, about  forty  miles  from  Smyrna,  and  Rodosto,  in  Ronraelia. 

The  constituents  of  this  coal,  as  analyzed  by  Prof.  Hitchcock  and  others, 
arc : — 

Blank  Pea.     Marrann.     Eoumella. 

Gaseous  matter 31.80         52.00         48.00 

Fixed  cai-hon 62.40         40.60         4T.00 

Ashes 5.80  7.50  5.00 

The  coal  of  the  Black  Sea  appears  to  belong  to  the  true  coal  formation 
of  the  Carboniferous  era.  It  rests  on  the  millstone  grit,  which  is  supported 
by  the  limestone.  The  coal  of  Eoumelia  and  Marmora,  however,  has 
been  pronounced  inferior,  and  either  belong  to  a  later  formation  or  exist 
on  the  outskirts  of  the  true  coals.  The  region  is  much  disturbed  and 
irregular;  the  dip— varying  fi-om  20°  to  perpendicular — is  sometimes  even 
inverted  and  crushed, — the  effects  of  crust-movements  subsequent  to  the 
coal  formation. 

The  coal  of  Erekli  and  vicinity,  ou  the  Black  Sea,  is  mined  to  a  con- 
siderable extent  under  English  management.  Some  five  or  six  seams  of 
coal  have  been  developed,  ranging  from  five  to  twelve  feet  thick;  but 
others  are  known  to  exist,  and  one  twenty  feet  thick  has  been  discovered. 
These  minra — the  Cosloo  mines,  near  Erekli — produced  in  1854  about 
20,000  tons  per  annum,  principally  for  the  use  of  the  combined  Euglisli 
and  French  fleets  then  operating  in  the  Black  Sea,     Preparations  were 
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being  made  to  produce  100,000  tons  per  annum.  The  cost  was  estimated 
at  about  six  dollars  per  ton  on  board. 

There  is  a  singular  circumstance  existing  in  connection  with  the  cnals 
of  Alija'^ah, — about  eight  miles  from  Erekli, — where  several  seams,  from 
four  to  five  feet  thick,  exist.  The  rocts  in  the  vieinity  of  these  seams  are 
disrupted  or  broken,  and  large  fissures  are  filled  with  asphaltum,  or  bitu- 
minous eoal,  apparently  of  a  later  date  than  the  coals  with  which  it  h 
found,  the  result,  undoubtedly,  of  the  subterranean  carbon  oils  becoming 
solidified  in  those  cracks. 

Specimens  of  twenty  varieties  of  Turkish  coa!  were  received  at  tlic 
Great  English  Exhibition.  Some  of  these  came  from  other  localities  thsin 
those  named,  and  among  otliers  we  may  mention  Moldavia,  Monastir, 
Mount  Lebanon,  and  Tripoli. 


There  are  but  few  other  localities  of  which  we  have  available  data, 
where  coal  has  been  developed. 

We  only  know  that  extensive  fields  of  the  true  Carboniferous  formations, 
both  bituminous  and  anthracite,  exist  in  the  vast  Chinese  Empire,  which 
contains  5,000,000  square  miles  of  territory. 

Mining  is  conducted  in  a  primitive  manner,  as  it  was  originally  in  Eng- 
land, or  as  late  as  1840-1850  in  some  portions  of  that  island,  but  in  a 
more  Christian  and  civilized  manner.  In  England,  Scotland,  and  Wales, 
women  and  ffirls  were  employed  to  transport  the  coals  to  the  surface;  but  in 
China  only  men  and  boys  are  employed  in  this  operation,  which,  however 
slow  and  behind  the  age,  is  rather  in  advance  of  that  civilized  people,  who, 
about  the  same  time,  forced  opium  upon  the  Celestials  at  the  point  of  the 
bayonet. 

The  English  nation,  however,  has  nobly  atoned  for  some  of  its  past 
errors,  and  has  sent  civilization,  liberty,  and  light  to  the  utterm<«t  comei's 
of  the  earth:  if  sometimes  at  the  cannon's  mouth  or  the  point  of  the 
bayonet,  it  is  none  the  less  to  be  valued  and  appreciated.  The  exclusive. 
and  semi-barbaroiis  Celestials,  with  their  goneali^y  almost  direct  from 
Noah,  and  their  population  of  400,000,000,  are  less  powerful  than  tlie 
English  in  physical  force  or  material  resources,  and  utterly  in  the  dark  in 
regard  to  science  and  the  arts.  We  may  attribute  this  wonderful  ascend- 
ency and  increase  of  wealth  and  material  power,  first,  to  the  enlightening 
and  civilizing  influence  of  religion,  and  secondly,  to  the  consequent  intel- 
ligence which  has  developed  her  resources  of  coal  and  iron. 

Coal  is  known  to  exist  in  Hindostan,  on  the  Ganges,  and  is  mined  to 
some  extent  by  the  British  in  India;  but  too  little  has  been  developed  to 
enable  us  to  make  our  data  interesting  or  valuable.  We  merely  glance  at 
those  distant  localities  to  give  a  general  view  of  the  distribution  of  coal ; 
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and  we  may  here  simply  mention  the  fiiet  of  the  existence  of  coal  in  Africa 
being  reported  by  Livingstone  and  other  explorera  of  the  interior  of  that 
vast  and  undeveloped  continent. 
Bnt  the  geology  of  that  country, 
as  far  as  we  are  yet  informed,  is 
not  favorable  to  the  existence  of 
coal.  It  is  found  at  the  mouth 
of  the  Zambezi,  and  at  numerous 
jwints  on  the  extensive  African 
coasts ;  but  we  believe  it  is  no- 
where mined  to  any  extent. 


THE   COALS  OF   AUSTRALIA. 

The  coal  formations  of  Aus- 
tralia are  as  peculiar  as  most  of 
its  productions.  It  will  be  no- 
ticed that  the  coal-«camb  are 
beneath  the  conglomerate,  in'^tead 
of  above  it,  and  tiiat  the  heavy 
sand'-tones  cnrr&«ponding  with 
the  "old  red"  are  the  superior 
instead  of  the  inferior  strata. 
The  fossiliferous  sandstone,  upon 
which  the  eoal  formations  rest, 
appears  to  be  of  the  Devonian 
system ;  but  there  is  still  a  great 
diversity  of  opinion  in  regard  to 
the  age  of  the  Australian  eoal. 
Several  eminent  geologists  place  tq 
it  among  the  subearboniferous 
rocks,  or  ialse  measures,  beneath 
■our  true  coal  formation.  Others 
place  it  in  the  Permian  forma- 
tion, or  above  the  true  coal  mea- 
sures; while  many  practical  men 
are  inclined  to  place  it  among 
the  productions  of  the  Carbonif- 
erous era.  But  it  is  evident, 
from  the  thin  and  rather  uncer- 
tain character  of  the  seama,  and  their  position  below  the  conglomerates  and 
heavy  sandstones,  that  the  coal  of  the. New  South  Wales  formation  belongs 
to  the  lower  coal  series  of  the  English,  or  our  proto-carboniferous  era. 
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The  Carbon iferoiTS  limestone  has  been  discovered  some  distance  in  tlie 
interior,  but  its  position  in  relation  to  the  coal  had  not  been  determined. 
There  is  some  probability  that  it  is  synonymous  vnth  the  conglomerate, 
which  exists  above  the  coal,  since  this  rock  is  made  up  of  fragments,  and 
is  mucli  the  same  as  our  conglomerate  where  it  commences  its  metamor- 
phism  into  lime. 

Immediately  over  the  "Sidney  Sand8tone"^which  is  from  1000  to  1400 
feet  thick — an  immense  deposit  of  slates  and  shales,  intercalated  with  thin 
coal-bands,  is  found  in  all  the  basins  or  depressions  of  the  great  sandstone. 
This  may  be  tlie  true  coal  formation;  but  Nature,  liaving  exhausted  her 
stores  of  carbon  at  an  earlier  period,  produces  but  barren  measui'es  now. 

The  existence  of  coal  in  tlie  upper  measures  is  doubtful  though  the 
developments  are  but  limited.  What  may  yet  be  found  in  the  interior  of 
Uiis  vast  continent — island  we  can  scarcely  call  an  area  of  3,120,000  square 
miles — it  is  impossible  to  say. 

But  the  fact  that  this  coal  formation — always  beneath  the  Sidney  sand- 
stone*— is  found  extensively  over  a  great  portion  of  Australia,  leads  us  to 
conclude  it  to  be  the  chief  coal  formation  of  that  country.  If  the  coal 
existed  above  the  sandstone  in  any  valuable  quantity,  it  would  have  been 
discovered  at  some  of  the  many  localities  where  the  lower  formation  is 
developed. 

The  coal  area  of  New  South  Wales,  or  that  portion  of  it  near  Sidney, 
on  the  Hunter  River,  and  Woolongong,  on  the  Nepean  River,  is  computed 
at  15,000  to  16,000  square  miles.  But  this  coal,  accompanied  by  the  great 
Sidney  sandstone,  is  also  found  at  Victoria,  in  Western  Australia,  Kergue- 
len's  Land,  New  Zealand,  and  Van  Diemen's  Land,  or  Tasmania.  It  has 
been  found  at  many  points  over  this  wide  range  of  territory, — in  fact,  so 
general  and  extensive  tliat  the  coal  area  of  Australia  may  yet  vie  with  the 
wide  fields  of  the  United  States.  Of  its  great  extent  tliere  can  be  no 
doubt;  but  of  its  compai-ative  commercial  value  there  is  less  certainty. 

It  will  be  noticed  by  the  analysis  and  measures  given  further  on,  that 
this  coal  is  by  no  means  valueless  or  unavailable.  The  seams  ai-e  much 
mixed  with  slate  and  dividing  bands,  but  the  coal  is  generally  good  and 
serviceable,  and  of  immense  value  to  the  steam  navigation  and  commerce 
of  that  remote  quarter  of  the  globe. 

A  vast  mountain-chain  bounds  the  eastern  coast  of  Australia,  some  20 
to  30  miles  inland,  but  is  prominent  from  Tasmania  to  North  Australia,  in 
a  general  north-and-south  direction.     It  is  known  as  the  Blue  Mountains. 


*  Dana  states  this  rook  to  be  soft  and  friable,  imd  composed  of  fine  grains  of  quartz, 
feldapar,  and  mica,  (lie  quartz  predominating;  colors  of  the  layers,  white,  grajisb,  and 
yellow,  lifce  ordinary  sand.  Iron  ores  in  the  form  of  Band  and  thin  layers  are  common  to 
this  rock,  and  wlien  eiposed  to  the  atmosphere  soon  stain  or  redden  the  surface. 
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Its  crest  or  axis  ia  of  granite,  and  is  flanked  by  gneiss,  or  metamorjihic 
rocks,  pierced  by  syenite,  greenstone,  basalt,  trap,  &e. 

At  some  low  points  the  superincumbent  Sidney  sandstone  overlaps 
botli  the  gneiss  and  granite  rocks,  apparently  in  the  ancient  basins,  and 
iioiv  fonns  vast  plateaus  or  basins  of  coal  formation ;  but  generally  the 
coal  lies  on  the  sea-face  or  Pacilic  slopes  of  the  mountain-range.  To  the 
west  of  this  range,  behind  Sidney,  are  the  famous  gold-regions  of  Aus- 
tralia ;  and  there  we  would  not  expect  to  find  coal.  We  presume,  there- 
fore, the  coals  of  tlie  east  are  chiefly  confined  to  this  slope.  In  Western 
and  Middle  Australia  both  the  physical  and  lithological  conformations 
may  be  different. 

In  the  vicinity  of  Sidney  the  stnhe  is  northeast  and  southwest,  and  tiie 
coal  generally  exists  in  long  trough-like  synclinals,  bounded  by  sharp 
parallel  anticlinals ;  but  the  dip  is  by  no  means  uniform :  it  ranges  from 
one  to  thirty  d^rees,  and  leans  to  every  point  in  the  compass, . 

Between  Newcastle  and  Woolongong  {on  the  Hunter  and  Nepcan 
Rivers,  south  of  Sidney)  the  basin  is  nearly  150  miles  wide,  in  a  right 
angle  or  transverse  direction  to  the  strike.  Its  extreme  depth  is  calculated 
at  5000  feet,  and  its  average  dip  one  degree ;  but  the  undulations  are  such 
that  abrupt  dips  are  frequently  met  with,  and  numerous  trap  dikes,  or 
veins  of  porphyries,  gi'eenstone,  and  basalt,  burst  through  the  formation. 
Those  frequent  volcanic  interruptions  are  "troubles"  to  the  miners,  and 
greatly  impair  the  value  and  productiveness  of  the  coal-field.  In  the 
vicinity  of  those  dikes  the  coal  is  considerably  altered,  and  is  frequently 
changed  to  a  coke. 

COAL-SEAMS. 

We  give  below  several  sections  of  coal-seams  as  workcil  in  the  vicinity 
of  Newcastle.  There  seem  to  be  no  identitying  features,  as  the  coal  and 
bands  are  subject  to  frequent  changes. 

COALS  OF  AUSTRALIA. 
Section  of  Coal-Seam  No.  1. 

Feat.         Inches. 

Top  coal,  bright 0  6 

Band,  eky 0  0} 

Black  slate 0  4 

Caunel  coalj  coarse 2  C 

3  4J 

Bottom  or  Yard  Seam  A^o.  5. 

Foct.         Inclica, 

Top  coal,  good 0  4 

Baad,  Llack  metal 0  4 
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Coal,  good 1 

Band,  blaek  metal 0 

Coal,  good J- 

3 

Coal-Seam  No.  2. 

Feet. 

Good  coal '^ 

Coal  and  slate 0 

Good,  bright  coal 0 

Metolband 0 

Good,  bright  coa! 0 

4 

Dirty  Seam  No.  4- 

Feet. 

Top  coal,  not  worked 1 

Good  coal 0 

Band,  gray  metal 0 

Good  coal 0 

Five-clay 0 

Good  coal 0 

Band,  black  clay 0 

Good  coa! J; 

5 

Coal-SeamM.S. 

Feet. 

Coal,  good 2 

Slate  and  coal 2 

Good  coal 1 

Blue  slate  and  coal... 1 

Good  coal... ^ 

9 

Coal-Seam  M.  4- 

Feet. 

Boof,  mixed  metal 1 

1  Coarse  coal 0 
Band 0 
Coarse,  aplmty  coal -i 
Band 0 

4 

Good  coal 3 

Clay  band 0 

Good  coal 1 


2J 

7 
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Buneood  Seam  No.  3. 

Feet.         iDotea. 

Top  coal,  not  worked 3  0 

Firc-claj,  not  worked ^  2^ 

Good  coal 2  li 

Fire-clay  band 0  2 J 

Good  coal 0  4J 

Band 0  2J 

Good  coal 2  4 

l\)  5 
Dip,  4"  west. 

ANALYSIS   OF  COALS. 

Coke.  Gas.  Ash.  Sulphur. 

Scam  No.  1 69.10  30.90  5.tii  7.13 

Seam  No.  2 .• 64.88  36,23  6.53  7.60 

Seam  No.  3 67.60  32.40  4,16  7.03 

Seam  No.  4 71.90  28.10  4.00  7,20 

SeamNo,5 75.50  24,50  G,60  7.21 

As  there  is  some  doubt  as  to  the  correctness  of  tlie  above  analysifi,  in  re- 
gard to  the  quantity  of  sulphur,  we  give  the  analysis  in  a  different  form,  as 
made  in  England.  Carbon  82,39,  hydrogen  5.32,  nitrogen  1.23,  sulphur 
1.70,  oxygen  8.32,  ash  2.04. 

The  amount  of  coal  rained  in  the  vicinity  of  Newcastle  during  1857  is 
reported  at  250,000  tons. 

There  are  many  interesting  facts  connected  with  the  geology  of  Aus- 
tralia, with  which  we  might  extend  this  cliapter;  but,  having  devoted  con- 
siderable space  to  its  coal  formations,  we  must  be  content  with  a  few  closing 
remarks,  and  dismiss  for  the  present,  or  perhaps  altogether,  those  distant 
and  misty  panoramic  scenes  which  we  have  been  so  rapidly  reviewing. 

A   COJIPAEISOS, 

At  the  first  glance,  wo  arc  disposed  to  consider  tlie  coals  of  Australia  but 
thin  and  poor  in  comparison  with  the  coal  formations  of  the  true,  or  Car- 
boniferous, era;  but,  on  closer  inspection,  we  find  them  by  no  means  con- 
temptible or  insignificant  when  placed  side  by  side  with  the  true  bituminous 
coals  of  England  or  our  "Western  coal-fields.  Our  large  anthracite  veins 
are  an  exception,  and  are  superior  to  all  others. 

There  are  more  seams  in  the  true  coal  measures,  but  their  average  thick- 
ness is  not  greater  than  the  Australian,  and  we  may  perhaps  lie  safe  in 
stating  the  thickness  of  intervening  or  intercalated  slates  and  bands  to  be 


ci  by  Google 


98  GES"EEAI.    DISTRIBUTION    OF    COAL. 

but  little  in  excess  in  proportion  to  the  amount  of  coal.  We  refer  tlie 
j-eader  to  the  description  of  the  English  coal-fields  in  the  following 
chapters. 

The  value  of  the  Australian  coals  does  not,  however,  depend  entirely  on 
their  thickness  or  the  economy  with  which  they  can  be  mined.  It  is  the 
locality  and  remoteness  from  all  sources  of  supply  which  increases  their 
value,  since  they  are  comparatively  pure  and  serviceable.  If  they  cost  one 
or  two  shillings  per  ton  more  at  the  pit's  mouth  than  the  Englisli  coals, 
tiiat  additional  cost  is  trifling  when  compared  with  the  transportation  of 
fuel  from  Newcastle-upon-Tyne,  a  distance  of  13,000  miles. 

It  would  be  as  much  as  an  ordinary  steamship  could  do  to  carry  her 
coals  without  other  freight  for  a  trip  from  London  to  Australia  and  back , 
but  the  existence  of  available  coal  at  both  places  alters  the  case  very  much. 
In  this  view,  and  in  consideration  of  the  incre^ising  demands  for  fuel  in 
that  vast,  remote,  and  strange  country,  the  existence  of  coal  is  really  a 
provideuee. 

Note. — Most  of  the  facts  in  relation  to  flie  Austmlian  coal-fields  were  obtained  from  an 
admirable  paper  on  the  aubject,  hj  Mr.  Heory  T.  Pleiva,  published  in  the 
of  tiie  North  of  England  Institute  of  Mining  Eogineera,"  Yol.  TJ.  18o7-68. 
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CHAPTER    VI. 

THE   HISTORY   OF    COAL   AKD    ITS    DEVEIX)PJtEST. 

The  Earliest  Notice  of  Coal  in  the  Year  371  b.o.— Conl  uaed  by  the  Early  Britons  and 
Romans — Fossil  Fuel  used  ia  England  8&2a.d. — Coal  sent  to  London  in  1240 — First 
taxed  in  1379— Iron  first  made  with  Pit-Coal  in  1612— Coke  came  into  General  Vss  in 
1740 — Progress  of  the  Coal-Trade — Prodnetioo^Capilal,  Value,  and  Labor — Progreaa 
of  Invention  and  ImproTement — Locomotive — Davy  Lamp — Mining — Ventilation — Miners 
— Hot  Blast — Cost  of  Iron — Coke — Iron — Sleam-Power  in  England — Pennsylyania  An- 
thracite— Wyoming  Valley — First  used  by  Blacksmiths — First  used  in  Grates — Opening  of 
Trade  of  Wyoming — Avenues — Sbipmenta — The  Lehigh  Region — Discovery  of  Coal — 
The  Lehigh  Coal-Sline  Company — Stone-Coal — First  sent  to  Philadelphia — First  Success- 
ful Infroduotion  as  a  Fuel — Great  Coal-Quarry —First  Railroad — Schuylkill  Begion — 
Nicbo  Allen — CoL  George  Shoemaker — White  &  Haiiard  —  "Let  it  Alnne" — Opening 
of  the  Coal-Trade  on  the  Schuylkill- Development  of  Ibe  Minea— The  Middle  Coal-Field 
— Cumberland — Western  Coals. 

DEVELOPMENT  OF  COAL  IN  ENGLAND, 

Wb  propose  in  the  present  chapter  to  present  a  brief  sketch  of  the 
history  and  development  of  coal,  confining  ourselves  almost  exclusively  to 
the  older  coal-fields  of  England,  and  to  the  early  history  of  our  Pennsyl- 
vania anthracite  regions:  the  first  presenting  the  earliest  data  and  the 
greatest  present  magnitude;  the  second  presenting  to  us  the  most  interest- 
ing features  and  promising  the  greatest  future  importance. 

In  the  early  periods  of  civilization,  before  men  congregated  in  cities  and 
towns,  the  products  of  the  forest  were  sufiicient  for  tlieir  wants;  but,  with 
the  progress  of  Christianity  and  the  consequent  development  of  intelligence, 
men  became  more  sociable  and  dependent  on  each  other,  and  not  only  found 
pleasure  and  profit  in  the  social  intercourse  ind  the  exchange  of  ideas,  but 
also  in  the  e\  hange  of  labor  ind  the  2>ro(.luctions  of  laboi  This  led  to 
the  happy  results  ot  the  present  day  when  the  atta  ind  sciences  are  made 
practically  useful  to  mm  and  the  hidden  resources  of  Mature  mide  avail- 
able by  their  memo  Thus  c-oa/,  i/on  and  od  nie  the  developments  of 
modern  tirae«  anl  ire  moie  the  rchult  0*"  hue  intelligence  thin  prhiie, 
necessity.  Men  li\ed  in  cities  and  misses  long  ago  as  they  now  live  in 
China,  yet  dil  not  ind  do  not  avail  themsehes  of  those  gieit  elements 
of  strength  and  powtr — nit  because  thev  were  not  wante!  Lut  because 
their  intellectual  attainments  coul  1  not  ipprecnte  the  boniite  us  gifts  of 
Nature  or  comeit  them  to  usp 

Coal  exists  in  Syria,  on  Mount  Lebanon,  and  may  have  been  worked 
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during  the  early  ages,  as  we  find  frequent  allusions  to  "coals  of  fire"  in 
the  Scriptures,  which,  however,  may  as  likely  refer  to  charcoal  as  stone- 
coal. 

The  earliest  notice  we  find  of  stone-coal  is  b.c.  371,  in  which  Theophras- 
tus,  a  Greek  author,  speaks  of  lAthanthrax  as  being  found  at  Ellis  and 
used  by  the  smiths  at  that  time. 

But  the  coal-fields  of  England  were  undoubtedly  the  first  to  be  practi- 
cally developed.  Evidences  are  found  which  demonstrate  its  use  fay  the 
ancient  Britons  prior  to  tlie  Roman  invasion ;  and  tlie  discovery  of  tools 
and  coalrimders  near  the  stations  on  the  Roman  wall  proves  that  it  was 
used  by  them. 

The  first  record  which  has  come  to  li^-ht  of  the  use  of  stone-coed  in 
England,  mentions  the  receipt  of  hvelve  cart-loads  of  fossil  fuel,  or  pit- 
coal,  by  the  Abbey  of  Peterwboro,  a.d.  852.  But  not  until  1180  do  we 
find  any  records  of  regular  mining.  At  this  date,  however,  several  leases 
or  grants  are  recorded,  in  tlie  books  of  the  Bishop  of  Duibam,  of  mines 
in  the  county  of  Durham.  In  1240  coal  was  first  sent  to  London,  and  in 
1300  considerable  quantities  were  used  by  smiths,  brewers,  and  others. 

In  1379  the  first  government  tax  was  laid  on  coal;  and  from  that  time 
until  t!ie  eighteentli  eentun',  or  1831,  the  tax  was  frequently  changed,  the 
lowest  named  being  a  duty  of  one  shilling  per  chaldron,  and  the  highest 
ten  shillings  per  chaldron  on  all  coals  sent  beyond  sea. 

In  1831,  i^er  a  continuation  of  400  years,  the  tax  was  repealcl.  The 
highest  homo-tax,  perhaiJS,  was  during  the  great  French  warh,  when  it 
was  nine  shillings  and  fourjience  per  chaldron. 

In  1612  the  first  patent  for  making  iron  with  pit-coal  was  granted  to 
Simon  Sturtevant,  at  which  time  it  was  claimed  tliat  about  three  tons  per 
furnace  per  week  could  be  made  with  coal;  but  it  does  not  appear  that 
■  Sturtevant  met  witli  any  success.  Dudley  again  made  the  attempt,  and 
obtained  patents  in  1619  for  the  manufacture  of  iron  with  pit-coal  in 
Worcestershire.  But  poor  Dudley  lost  all  his  property  and  was  imprisoned 
for  debt  in  his  endeavors  to  perfect  a  process  which  has  since  been  made 
so  successful. 

We  do  not  read  of  any  further  attempts  at  the  manufacture  of  pig-iron 
in  the  blast-furnace  with  pit^coal  until  1713,  when  a  Mr.  Darby,  of  Cole- 
brook  Dale,  appears  to  have  used  it  successfully.  In  1747  we  learn  that 
cast  iron,  suitable  for  the  manufacture  of  cannon,  was  made  with  pit-coal, 
and  that  both  coal  and  iron  were  brought  out  of  the  same  mine. 

In  1700  the  number  of  blast-fumac€s  in  England  appears  to  have  been 
about  sixty-four,  using  charcoal  as  a  fuel,  and  were,  consequently,  located 
more  with  reference  to  a  supply  of  wood  than  any  other  consideration. 
Sussex  had  the  greatest  number;  there  were  some  in  Kent,  and  a  few  in 
the  midland  counties  and  along  the  Welsh  borders.    But  about  1740,  when 
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the  change  of  fuel  from  charcoal  to  coke  took  place  and  was  being  brought 
about,  the  number  of  furnaces  decreased  to  59,  and  the  manufacturing 
interests  were  gradually  removed  from  the  woodland  to  the  coal  districts, 
The  annual  product  of  iron,  about  this  time,  decreased  more  than  one- 
fourth,  and  was  only  17,350  tons;  but  as  the  use  of  coke  became  general 
and  letter  understood,  the  trade  again  increased  to  61,300  tons  in  1788, 
of  which  onJy  13,000  tons  were  made  with  charcoal,  and  from  that  date  the 
development  of  the  iron-trade  of  England  was  rapid,  as  the  foUowiug 
figures  indicate. 

PnOGIlESS   OF   THE   IRON   TEADE  OF   ESGLAXD. 

Tons. 

*n96,  121  bhst  (coke)  fu-nacc  prodiici.d  124,793 

*1802,  163  coke  fuinaoea  pioduoed  170,000 

*180(),  227  (only  l'>9  in  Wa«t}            '  250,000 

*1'!20                                                     "  400  000 

n927  ^'^O  fuina(e^inb!j''t               "  t, 5 4  000 

lS4'i  1250  000 

ISijl  2'i(l0  000 

1804  5  000,000 

PEOGEESS   OF   THE   COAL-TRADE   OF   ESGLAND. 

The  records  of  the  coal-production  of  Great  Britain  were  neglecteil 
during  its  early  development,  and  cannot  be  traced  back  with  any  accuracy 
beyond  the  year  1828. 

We  give  the  coastwise  and  foreign  vend  or  sliipments  from  Newcastle,  as 
indicating  the  average  increase  in  the  British  production, 

SHIPMENTS   OF   NEWCASTLE   COAL. 

CoastHlBO.  Foroign.  Total  tons. 

1G02 190,000 

1609 214,305  24,950  239,261 

1622 301,785  43,755  345,540 

l(i30 253,380  36,542  289,922 

iV()rt«'(?i.  an'7  Sundtt/anci 

IGtO  537  000 

1700  653,000 

1710  650,000 

1750  l,l<t3,457 

1800  2  520,075 

1820  ^403  225 

1S40  5  5S7  384 

Ih'A  10  364  647 

«  Dr,  Ure. 
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During  1861  the  total  production  of  Durham  nnd  Northumberland,  or  the 
Great  Nortliern  coal-field,  was  21,777,570  tons,  of  which  amount  2,700,000 
tons  were  consumed  at  home  or  wasted  at  the  mines  in  fine,  &c. 

TOTAL   PRODUCTION   OF   GREAT   BRITAIN. 

.    Total  Inna. 

1845 31,500,000 

1850 50,000,000 

1855 65,000,000 

1860 England 63,8T0J23 

"    Wales 8,5G1,021 

'■    Scotland 11,081,000 

"    Ireland 123,070...  83,635,214 

1864*  (of  which  about  86,000,000  were  vended) 90,000,000 


Statistical  Tablb  o 


a  Proditotioss  o 


Nam<aof  Dlslricls. 

i}^  -  '^s; 

Anionnt  of  C:qA- 
tiU™|.l"ytiiiu 

■S!S? 

Vali]i.otO>»Ut 

Undtr  giound, 

21000 

VI  o¥e  grtiunil, 

7,624 

$fib  000  OoO 

15,500,000 

$80,000,000 

S.50,000,000 

887,000 

7.260,000 

2,460,690 

813,474 

355.000 

489,000 

8,750,000 

loiksliire 

Watniokahne 

15,811,670 

$22,000,000 

t.b  024 

S50  000  000 

8,750,000 
9,080.600 
786.500 
1,080,000 
1,492,366 
16,389,310 

Shropahire 

$23,000,000 

Umlsbire  ind  Angle  sea 
MotiniouthafairB        Glamorgan 

t36  b24 

S'^5  000  000 

1,143,000 

8.500.000 

7,448,000 

148,750 

17,239,750 

$25,000,000 

141,  4jr, 

S220  000  OOO 

64,739,789 

$100,000,000 

*  The  production  of  the  British  mines,  including  colliery  and  home  oonauniption,  is  not 
liiss  than  100,000,000. 

f  The  number  of  hands  is  estimated  for  the  last  three  districts.  The  figures  are  from 
Hunt's  Statistics. 
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PROGEESS  OF  INVENTION  AND  DEVELOPMENT. 
Previous  to  1660  the  transportation  or  conveyance  of  coal,  both  above 
and  below  ground,  was  done  by  band  or  by  borse-power,  and  for  a  long 
subsequent  period  mucb  of  the  conveyance  was  done  in  the  same  ^^anne^. 
Women  and  girls  generally  conveyed  the  coals  to  the  sur^ce,  and  horses, 
mules,  or  asses  carried  tbera  to  the  eonsumcrs  in  sacks,  and  still  more  subse- 
qnently  in  carts.  But  during  1660  wooden  rails  and  trams  were  first  used 
above  ground  at  the  mines,  and  about  the  same  time  the  steel-mill  was 
introduced  for  the  purpose  of  lighting  gaseous  mines. 

Rails  were  not  used  under  ground  until  about  1777,  when  they  first  com- 
menced to  take  the  place  of  sledges  or  "  coaves,"  which,  however,  they 
have  not  yet  entirely  displaced  in  this  country,  since  the  sledges  or  eoaves 
were  mucb  in  use  in  the  South  as  late  as  1860.  In  1790,  east  rails  were 
first  used,  and  wrought-iron  rails  in  1815;  from  this  date  improvements 
made  rapid  progress. 

Coal  gas  was  made  use  of  practically,  in  England,  for  light  in  1798  or 
1800.  Steamboats  were  first  introduced  there  in  1812,  though  in  use  in 
America  since  1790,  when  Fiteh  made  his  first  trip  on  the  Delaware. 

Steam-power  appears  to  have  been  used  to  a  limited  extent  at  collieries 
in  1714,  but  was  not  generally  or  perhaps  much  in  use  until  1800,  The 
first  locomotive  was  made  by  Trevithick  and  Vivian,  who  were  Cornish- 
men,  in  1804,  and  was  used  on  Merthyr  Tydvil  Railroad  in  South  Wales. 
Stephenson's  first  improved  locomotive  was  put  in  use  in  1814,  but  wa? 
not  used  ou  public  railways  until  1825,  when  the  Stockton  &  Darlington 
line  was  opened.  The  Stephenson  and  Davy  safety-lamps,  for  use  in  fiery 
or  gaseous  mines,  were  invented  or  perfected  for  use  in  1815;  and  from 
this  date  the  development  or  increase  of  tlie  English  eoal-trade  has  been 
very  great. 

The  improvement  in  mining  and  ventilation  has  also  kept  pace  with  the 
invention  and  demands  of  the  times.  Formerly,  coal  was  dug  in  open 
pits  along  the  outcrops  of  the  seams.  Deeper  pits  were  subsequently  sunk 
to  water-level,  or  drifts  were  driven  horizontally  on  the  coal,  and  the  coal 
conveyed  to  the  surfoee  on  the  backs  of  women  or  girls;  but  no  system  or 
order  of  mining  or  ventilation  was  pursued.  We  presume  the  mode  gene- 
Tally  pursued  in  the  Southern  States  to  be  a  pretty  correct  model  of  the 
old  English,  since  both  were  conducted  on  primitive  principles. 

On  the  introduction  of  steam  machinery  and  the  consequent  opening  of 
deeper  and  comparatively  extensive  mines,  improvements  became  necessary 
and  the  "pillar  and  stall"  and  a  system  of  natural  ventilation  was  first 
adopted.  This  mode  is,  or  was,  much  the  same  as  that  now  in  use  at  the 
anthracite  mines  of  Pennsylvania.  But  by  this  mode  of  mining  from  one- 
fourth  to  one-thb'd  of  the  eoal  was  lost,  from  the  inability  to  secure  the 
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coal  ill  the  pillars  by  "robbing,"  in  consequence  of  the  eriishing  weight  of 
the  top  causing  an  abandonment  of  the  "  face,"  or  by  the  "  creeping"  of  the 
bottom  preventing  access. 

It  may  be  difficult  to  devise  a  better  system  of  mining  for  the  steep 
veins  of  the  anthracite  regions,  though  the  present  mode  is  susceptible  of 
much  improvement.  But  in  the  flat  seams  or  low  basins  of  England  tliere 
were  both  the  means  and  the  ivant  of  improvement.  The  mines  were  deep 
and  gaseous,  and  (lie  seams  gGncrally  thin  and  comparatively  unproducti\e : 


'    .*^ 


- 

therefore  an  improved  system  of  ventilation  was  demanded,  and  it  became 
a  matter  of  importance  in  the  economy  of  mining  to  produce  as  mncli  coal 
as  possible  from  a  given  area. 

In  this  connection  we  cannot  give  a  detailed  description  of  the  various 
modes  of  mining  and  ventilating  as  adopted  at  different  times  in  the 
English  mines,  from  the  "pillar  and  stall"  and  the  "board  and  pillar"  to 
the  "board  and  wall,"  or  the  "long  wall,"  as  now  generally  in  use,  or  the 
modes  of  splitting  and  crossing  the  air,  as  now  used.  We  shall  refer  to 
those  subjects  under  their  appropriate  heads.  Eat,  to  give  a  concise  history 
of  the  progress  of  the  times,  we  may  state  the  result  of  the  improvement  ■ 
in  mining  has  been  a  saving  of  one-third  more  coal  than  could  be  obtained 
by  the  old  mode  or  tliat  now  generally  in  use  in  this  country;  while  the 
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improvements  in  ventilation  enable  tliem,  and  also  ourselves,  to  course 
from  40,000  to  150,000  cubic  feet  of  air*  per  minute  through  the  mine, 
when  we  could  only  force  from  1000  to  10,000  feet  by  the  old  and  natural 
processes. 

The  first  mode  of  ventilation  used  was,  of  course,  "natural,"  caused  by 
elevating  the  "upcast,"  or  exit,  above  the  "downcast,"  or  inlet.  The  next 
mode  appears  to  have  been  by  means  of  "waterfalls,"  creating  a  moving 
column  of  air  by  the  means  of  falling  water  into  the  mine  or  shaft.  The 
third,  and  that  now  generally  in  use,  is  the  "furnace,"  which  creates  a 
draft  by  rarefiiction,  causing  a  rapid  exit  of  the  vapors  or  foul  air  of  tlic 
mine,  and  a  consequent  influx  to  fill  the'partial  vacuum.  The  fourth  may 
be  styled  "the  steam-jet,"  caused  by  the  momentary  impulse  of  rushiup- 
6team  against,  or  in,  the  moving  column  of  escaping  air,  ■which,  of  course, 
increases  the  movement  at  the  point  of  vent;  but  ia  deep  shafts  the  effects 
are  lost,  or  partially  so,  before  the  column  reaches  its  exit,  from  the  fact 
that  the  steam  loses  its  elasticity  the  moment  it  condenses.  Steam  acts  like 
a  wire  spring,  losing  its  power  as  soon  as  its  elasticity  is  destroyed  or  at 
rest,  which  is  quite  the  reverse  of  the  furnace  mode  of  ventilation. 

The  fifth  and  last  mode  of  ventilation  we  shall  mention  is  "  mechanical," 
caused  by  the  operations  of  a  fan  or  other  machinery,  which  draws  the  foul 
air  from  the  mines,  and,  consequently,  the  atmospheric  air  fills  its  place. 
This  mode  we  think  the  most  perfect  in  use,  and  is  qow  rast  superseding 
all  others. 

Since  the  age  of  improvement  ha.s  not  gone  by,  we  may  mention  a  late 
invention  in  the  economy  of  mining  which  may  fairly  be  clas.*cd  with  the 
most  important  of  the  past  or  present  in  this  respect, — the  application  of 
machinery  to  the  work  of  mining  in  place  of  the  thousands  of  men  who 
now  dig  our  coal  by  the  most  tedious  and  slavish  labor  known. 

A  great  many  coal-cutting  machines  are  now  in  successful  use,  driven  or 
operated  by  steam,  water,  or  compressed  air.  Their  universal  application 
to  all  bituminous  or  moderately  flat  veins,  where  mining  is  extensively 
carried  on,  is  only  a  matter  of  time.  Not  only  their  cheapness  and  supe- 
rior eifectiveness  entitle  these  "  iron  miners"  to  fitvor,  but  a  means  is  offered 
of  working  smaller  seams,  and  deeper,  warmer,  and  more  gaseous  basins; 
since  the  air  they  breathe — ^when  worked  by  condensed  air — improvKt 
instead  of  vitiates  the  mine. 

In  the  process  of  manufacturing  iron,  the  improvements  did  not  cease 
with  the  cliange  from  charcoal  to  coke.  It  was  but  the  dawn  of  the  great 
iron-trade  of  Britain,  and  the  mode  was  as  primitive  as  the  times. 

Furnaces  increased  in-  size  and  capacity.     From  6  they  increased  to  10 

*  The  qimiility  of  air  forced  or  drawu  through  the  Hetton  colliery,  England,  is  176,000 
oubio  feet  per  miQUte. 
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tons  per  week,  and  fmm  10  tons  per  week  they  were  soon  increased  to  a 
production  of  60  tons,  whicli  wsia  about  tlie  mean  of  the  280  furnaces  in 


bls^t  during  1826.  But  the  rapid  increase  from  1790  to  1826  was  smaJl 
in  compai-ison  with  the  increase  of  production  from  1826  to  1850,  or  the 
decrease  in  the  comparative  prices.  Some  of  this  increase  during  the  later 
period,  as  iu  the  former,  was  owing  to  the  enlai^emeut  of  the  furnaces,  the 
improvement  in  machinery,  and  the  greater  experience  and  intelhgence  of 
the  iron-mat) ters.  But  the  great  improvement,  and  tlie  one  more  than  all 
others  which  has  influenced  the  iron-trade,  was  the  invention  and  applica- 
tion of  the  hot  blast. 

Ita  influence  on  the  coke-iron  was  tmly  wonderful,  but  it  was  the  soul 
of  the  anthracite  blast-furnaces;  without  its  aid  the  hard  stone-coal  of 
Wales  and  Pennsylvania — the  pure,  natural  cokes — would  have  been 
unavailable  for  the  production  of  iron. 

As  an  instance  of  the  great  benefits  derived  from  the  use  of  hot  blast  in 
coke,  we  may  note  the  influence  on  the  productions  of  the  Clyde  Iron 
Works,  Scotland. 

At  these  works,  in  1829,  the  cost  of  the  coke.  Iron,  and  limastmie 
required  to  produce  one  ton  of  iron  by  cold  blast  was  £S  4s.;  but  in  1833, 
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when  tlie  liot  blast  was  in  full  operation, — having  been  introduced  in  1831, 
— with  a  temperatare  of  612°  !Fahr.,  the  cost  of  making  the  ton  of  pig, 
including  labor,  &c.,  fell  to  i£3  6s.;  while  the  productions  of  the  t'urnaoes 
were  nearly  doubled.  The  cost,  however,  of  pig  iron  in  Great  Britiiin  has 
been  put  at  £%  or  ^10,  per  ton,  of  late  years. 

In  1850  the  cost  at  Merthyr,*  in  "Wales,  is  given  at  ^3  Os.  5t^.;  at 
Glasgow,  Scotland,  at  £,1  lis.  9d. 

The  gross  make  of  coke  in  Great  Britain  in  1860  is  estimated  at  6,000,000 
tons ;  of  this  amount,  2,500,000  were  the  products  of  the  Northern  coal- 
field in  Durham  and  Northumberland.  The  present  gross  production  of 
pig  iron  in  Great  Britain  is  estimated  to  exceed  5,000,000  tons  per  annum. 
To  produce  this,  not  less  than  from  2^  to  3  tons  of  crude  coal  jter  ton  are 
required  as  a  mean,  which  would  exhaust  about  3000  acres  of  a  four-foot 
seam  of  coal  per  annum. 

"It  has  been  calcuhited  that  an  acre  of  coal  four  feet  in  thickness  pro- 
(iuces  as  much  carbon  as  115  acres  of  full-grown  forest;  and  thut  a  bushel 
of  eoal, — 84  pounds, — consumed  carefiilly,  is  capable  of  raising  70,000,000 
pounds  one  foot  high ;  and  that  the  combustion  of  two  pounds  of  coal 
gives  out  power  sufficient  to  raise  a  man  to  the  summit  of  Mont  Bkme, 
15,668  feet  high. 

"  The  aggregate  steam-power,  estimated  at  83,635,214  horse-power,  of 
Great  Britain  and  Ireland  alone,  is  calculated  as  equal  to  400  millioiis  of 
jiien,  or  equal  to  twice  the  power  of  the  adult  working  population  of  the 
g!obe."t 

Wonderful  as  it  may  seem,  the  above  calculation  is  practical ;  and  wo 
have  no  doubt  but  Great  Britain  really  possesses  a  dynamic  strength  in 
iron  and  coal  to  the  extent  named,  since  we  always  calculate  one  horse- 
power as  equal  to  the  physical  strength  or  exertion  of  seven  men,  which 
would  give  a  laboring  force  of  over  586,000,000  of  men.  To  this,  even 
the  vast  population  of  China  is  insignificant  as  a  physical  power  or  an 
industi'ial  and  productive  force;  but  when  it  comes  to  forcing  a  steamship 
of  20,000  tons  across  the  Atlantic  at  the  rate  of  300  miles  yter  day,  or  a 
train  of  400  persons  at  a  speed  of  60  miles  an  hour,  there  is  no  comparison 
in  brute  force. 


The  early  history  of  coal  in  America  is  much  less  obscure  and  uncertain 
than  its  history  in  England,  for  obvious  reasons.     In  fact,  the  printers 

*  Cold  blast  is  still  used  nt  Merthyr,— a  seeming  contradiction  to  the  hot-blast  iJicoi'j, 
but  this  will  be  explained  further  on. 
■|-  North  of  England  iDstitule  of  Mining  Engineers,  vol.  sii.,  p,  162, 
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themselves  were  among  the  pioiicoi-s  of  our  coal-mhies:  first  to  atlvocate 
the  vahie  of  coal,  first  to  embark  iq  its  develop irieat,  and  first  to  chronicle 
its  success ;  though  we  cannot  say  they  wei'e  the  first  to  profit.  We  may 
notice  the  examples  of  Cist,  Miner,  and  Bannan,  whose  names  appear 
prominent  in  the  early  history  of  anthracite  coal,  and  to  whom  we  ^all 
refer  in  the  following  pages. 

Though  the  anthracite  coals  of  Pennsylvania  were  the  first  of  our  coals 
to  acquire  prominence  or  reputation,  they  were  not  the  first  to  be  discovered 
or  worked  in  this  country. 

The  bituminous  coals  of  Richmond,  Virginia,  were  the  first  to  be 
developed,  and  enjoyed  a  trade  with  Pliiladelpiiia,  New  York,  and  Boston 
as  early  as  1789;  while  it  had  been  used  pretty  extensively  in  the  vicinity 
of  the  mines  as  early  as  1775,  and,  during  the  War  of  Independence,  was 
used  at  Westham,  on  the  James  Eiver,  five  miles  above  Richmond,  for  the 
manufacture  of  shot,  shell,  &e.,  or  until  destroyed  by  the  ti'aitor  Arnold 
in  1781. 

It  must  have  been  discovered  and  worked  as  early  as  1750.  The  writer 
has  seen  oak-trees,  at  least  one  hundred  years  of  age,  growing  on  the  coal- 
banks  of  the  old  excavations,  whicli,  like  all  the  primitive  developments 
of  the  kind,  were  simple  quarries  or  open  cuts  on  the  outcrops  of  the  seams. 
Tradition  says  the  coal  of  the  Richmond  field  was  first  discovered  by  a  boy 
who  was  digging  for  "ciwvfish"  as  bait  when  on  a  fishing  excursion. 


THE   WYOMING   VALLEY. 

The  first  authentic  account  we  fiud  of  the  practical  use  of  anthracite  coal 
is  in  1768-69,  when  it  appears  to  have  been  first  used  by  two  blacksmiths 
from  Connecticut,  by  the  name  of  Gore,  who  had  settled  in  the  Wyoming 
Valley.  This  was  the  first  successful  and  practical  application  of  stone- 
coal,  or  antliracite,  in  this  country,  and  inaugurated  its  use  hy  the  smiths 
of  that  region  generally.  Judge  Obadiah  Gore,  one  of  the  brothers  alluded 
to,  subsequently  stated  the  &et  as  set  forth  to  Judge  Jesse  Fell,  of  Wilkes- 
barre,  who  in  turn  communicated  the  interesting  data  to  Silliman's  Journal 
and  Hazard's  Register.  We  state  this  particularly,  since  there  has  been 
some  doubt  as  to  the  priority  of  development  in  the  several  regions. 

The  discovery  of  coal  in  the  Wyoming  Valley  must  liave  been  soon 
after  its  settlement  by  the  "Yankees"  in  1762.  The  coal  crops  out  in  so 
many  places  among  the  rocks  of  the  valley,  and  in  such  conspicuous  locali- 
ties, that  the  early  settlers  could  not  avoid  seeing  it;  and  as  many  of  them 
were  intelligent  men,  and  some  of  them  undoubtedly  familiar  with  the 
bituminous  coals  of  the  mother-country,  it  is  not  at  all  surprising  or  strange 
that  the  first  practical  development  should  have  been  in  this  region. 

The  difficulty  of  igniting  anthracite,  or  of  burning  it  without  an  arti- 
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ficial  blast,  prevented  its  use  generally  in  the  place  of  wood;  while  the 
cheapness  and  abandanee  of  this  as  a  fuel  were  adequate  to  the  wants  of 


the  times,  and  there  was  no  inducement  ior  the  lutroduUion  cif  minenl 
coal. 

The  ironsmith — oi  "hliLk'-raith,"  a."  we  call  him — has  e\er  hctn  tiie 
pioneer  among  the  useful  mmeralu  of  the  earth,  as  he  has  beLn  our  maiter 
mechanic  from  time  immemorial ,  ind  he,  as  Ubuil,  wasquitk  toappietwte 
tlio  value  of  anthracite. 
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From  tlie  time  of  Obadiah  Gore's  first  experiment  in  1768-69,  the  coal- 
trade  of  Wyoming  lias  been  steadily  growing, — imperceptibly  at  first,  but; 
advancing  subsequently  with  rapid  strides.  In  1776,  or  at  the  commence- 
ment of  the  Revolutionary  War,  coal  was  taken  in  arks  from  the  Wyoming 
mines  down  the  Susquehanna  to  the  Government  arsenal  at  Carlisle,  in 
Pennsylvania,  and  this  was  continued  during  the  war. 

The  coal  was  mined,  or  rather  quarried,  at  the  locality  now  known  as  the 
Baltimore  or  Hollenback  mines,  above  Wilkesbarre,  and  from  the  old 
"  Smith  Mine,"  in  the  vicinity  of  Plymouth. 

The  trade  in  arks  on  the  Susquehanna  seems  to  have  been  continued 
after  the  Avar,  until  tlie  completion  of  the  North  Branch  Canal,  but  ex- 
clusively for  the  use  of  smiths  or  forges.  It  was  not  until  1808  that  stone- 
coal  or  anthracite  was  first  used  in  grates  tor  domestic  or  other  purposes 
tlian  the  smithery. 

The  lat«  Judge  Jesse  !Fell  of  Wilkesbarre  appears  to  have  been  the  first 
of  whom  wo  have  any  authentic  record  who  used  this  coal  successfully  in 
the  common  grate  or  for  domestic  purposes. 

"He  believed  that  our  coal  could  be  burned  in  grates.  He  judged,  cor- 
rectly, that  the  natural  draft  occasioned  by  a  fire  would  be  sufficient  if  the 
coal  were  only  placed  in  a  proper  position.  It  is  rati<)nal  to  believe  that 
tiiese  were  his  views ;  for  his  first  experiment,  known  to  his  descendants 
now  in  town,  was  made  with  a  wooden  grate,  \ery  much  in  tlie  form  of 
those  now  in  use.  It  is  amusing  now  to  think  of  burning  coal  in  a  wooden 
grate;  but  his  logic  and  economy  were  based  on  sound  principles.  He 
reflected,  no  doubt,  that  if  he  could  make  his  hro  burn  so  freely  as  to 
destroy  his  wooden  grate  he  could  then  well  afFcrd  to  make  one  of  iron, 
and  could  do  so  without  fear  of  loss  or  disappointment 

"We  know  not  the  result  of  this  first  experiment,  or  any  of  the  particu- 
lars ;  but  the  inference  is  reasonable  that  he  succeeded,  for  his  next  experi- 
ment was  more  public.  One  of  his  daughters,  the  wife  of  Col.  J.  .1. 
Dennis,  lately  deceased,  told  me  that  she  well  remembered  the  circum- 
stances attending  it.  The  judge  was  a  practical  man,  and  something  of  a 
mechanic.  She  recollected  his  going  into  the  blacksmith-shop  of  his 
nephew,  E<lward  Fell,  and  of  his  working  with  him  most  of  the  day 
fashioning  an  iron  grate. 

"  Late  in  the  afternoon  he  brought  it  home,  and  set  it  up  with  brick,  in 
the  fireplace  of  the  bar-room.  By  evening  he  had  kindled  in  it,  with 
oak  wood,  one  of  the  best  of  coal  fii-es.  The  interest  this  excited,  and  tlio 
many  visits  of  curious  neighbors,  anxious  to  see  a  stone-coal  fire,  were  also 
well  remembered  by  Mrs.  Dennis.  I  was  an  inmate  of  her  house  when  these 
facts  first  came  to  my  knowledge.  I  had  taken  down  from  their  library  a 
book  entitled  '  The  Free-Mason's  Monitor,'  and  found  upon  one  of  its  ily- 
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leaves,  in  the  clear,  bold  handwriting  of  Judge  Fell,  which  I  had  learned 
to  know  from  the  records  of  our  county, — the  following  memoranda: — 

"Feb,  11,  of  Masonry  5808. — Made  the  experiment  of  burning  the 
common  stone-coal  of  the  valley,  in  a  grate,  in  a  common  fireplace  in  my 
house,  and  find  it  will  answer  tlie  purpose  of  fuel,  making  a  clearer  and 
better  lire,  at  less  expense,  than  burning  wood  in  the  common  way.* 
'■Borough  of  Wilkeabarre,  l 
February  II,  1808.       J 

(Signed,)  Jesse  Fell." 

Following  this  development,  coal  soon  became  a  staple  article  in  the 
valley,  and  mining  a  busines.s,  though  but  primitive  at  first.  Coal  sold  in 
Wilkesbarre,  about  1790,  for  domestic  purposes,  in  small  quantities,  at  $8 
per  ton,  and  in  Marietta,  on  the  Susquehanna,  for  $8  to  $9  per  ton,  from 
1810  to  1814.  Previously,  we  presume,  it  must  have  been  higher,  as 
subsequently  it  became  lower. 

The  coal-trade  of  Wyoming  did  not  expand  rapidly  or  increase  in  pro- 
portion to  the  subsequently  developed  regions  of  the  Lehigh  and  the 
Schuylkill.  The  want  of  avenues  to  the  great  coal -consuming  marts  was 
long  felt  by  the  miners  of  the  Valley. 

Though  the  Pennsylvania  Canal  (now  the  Wyoming)  was  opened  at  a 
comparatively  early  day,  the  markets  in  that  direction  were  limited,  and 
the  vend  but  small.  In  1842  we  find  the  first  statL'^tical  return  as  47,346 
toins.  But  during  the  same  year  205,253  tons  were  sent  from  tlie  eastern 
end  of  the  Wyoming  coal-field,  by  tlie  Delaware  &  Hudson  Canal  Com- 
pany. 

This  company  had  completed  a  line  of  canal  from  the  Hudson  to 
Honeadale,  Pennsylvania,  a  distance  of  108  miles,  and  a  railroad  15  miles 
long,  over  a  mountain  1000  feet  high,  at  a  total  cost  of  about  7,000,000  of 
dollars,  for  the  sole  object  of  reaching  the  coals  of  the  Valley. 

This  great  enterprise  was  completed  in  1829,  and  7000  tons  of  coal  wera 
sent  to  New  York  during  that  year.  Since  then  the  shipments  over  this 
line  have  reached  1,561,203  tons  per  annum,  being  the  amount  shipped 
during  1864,  But  836,792  tons  of  tliis  amount  were  mined  hy  the  Penn- 
sylvania Coal  Company,  whose  coal  goes  over  the  same  line, 

Notwithstanding  the  large  amount  of  capital  originally  invested  by  the 
Delaware  &  Hudson  Canal  Company,  it  has  been  perhaps  the  most  suc- 
cessful coal  company  evei:  organized.  For  nearly  35  years  its  dividends 
have  been  large,  and  its  operations  wisely  and  practically  conducted. 

In  1846  the  Lehigh  &  Susquehanna  Railroad,  from  the  Lehigh  Canal 
at  White  Haven,  to  a  point  near  Wilkesbarre,  was  opened,  and  5886  tons 

*■  Lecture  on  Mtnera!  Coal,  by  V,  L.  Maiwell,  Esq.,  of  Wilkesbarre. 
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of  coal  sent  over  the  mouutains  to  Philadelphia,  via  thia  and  connecting 
lines. 

In  1854  the  Delaware,  Lackawanna  &  Western  Koad  was  opened  from 
Scranton  towards  New  York,  connecting  with  the  Jersey  Central.  Over 
this  line  133,963  tons  were  sent  that  year. 

The  North  Branch  Canal  to  the  State  line  north,  and  the  Lackawanna 
&  Bloomsburg  Railroad  leading  south,  were  next  finished  These  lines 
give  six  outlets  to  the  eoal-trade  of  the  Wyoming  region 

Though  late  in  acquiring  the  means  of  transportation,  the  f-uilities  of 
the  Valley  are  now  greater  than  those  of  any  other  region,  and  its  produc- 
tions are  fast  assuming  overshadowing  proportions  in  comparison  with  the 
trade  of  the  earlier-developed  anthracite  coal  basins  Below  we  give  the 
shipments  of  these  lines  during  1864,  which  may  be  contrasted  with  the 
shipments  of  1842,  which  were  262,599  tons,  or  those  of  1829,  which 
were  perhaps  less  than  10,000  tons. 

Shipments  of  coal  from  the  Wyominj  Coal-Field  during  ISQJf,  and  the  leading 
lines. 

North  Branch  Canal,  leadiDg  north 156,103 

Letigh  &  Susquehanna  Railroad,  east  to  Philadclpliia 132,213 

■Wyoming  Canal,  leading  south 573,146 

*Lacka wanna  &  Bloomsburg  Railroad,  516,473 300,000 

Pennsylvania  Coal  Company,  via  Delaware  &  Hudson 836,792 

Delaware  &  Hudson  Canal  Company 924,411 

Delaware,  Lackawanna  &  Western  Railroad 1,382,148 

4,304,811 
Note.— This  n  2000  p       d        the  ton,  and,  eonsequently,  will  not  agree  with 

tie  tables  given    la  wh 

This  wond  ful  m  e  ae  I  as  b  n  realized  principally  since  1850.  Only 
827,823  tons     e  e       t  f   m   1     "\\  yoming  region  during  that  year. 

Note. — In  off  rj  g    h  ected  history  of  tie  deTClopment  of  our  ooiil- 

fielda,  we  can  o    y  g  h         d    g     iturca,  but  would  hero  refer  our  readers  to  the 

detailed  and  1  w  11  be  found  under  their  appropriate  licads  its 

referred  to  ic  th     nd  x  and  p 

LEH     H   REGION. 

The  disco  y  nd  p  a  cal  1  clopment  of  coal  in  the  Lehigh  region 
were  subsequent  to  its  use  in  the  Wyoming  Valley,  but  the  cojils  of  tlic 
Lehigh  were  the  first  to  realize  a  commercial  value  in  the  Eastern  markets; 
consequently,  the  Lehigh  coal-trade  heads  the  statistical  column,  though  it 

*  Ttia  line  is  a  partial  feeder  to  the  Delaware,  laclsawanna  &  Western,  and  probably 
not  mora  than  ono-half  its  tonnage  can  be  credited  to  the  production  of  the  valley,  since 
part  is  included  in  the  ehipments  of  the  Delaware,  Lackawanna  k  Western  Railroad, 
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is  a  matter  of  conjecture  whether  tlie  Lehigh  or  the  Schuylkill  furnished 
tlie  first  coal  for  actual  consumption, — that  is,  which  would  bum.  We 
give  the  credit  to  Schuylkill. 

When  we  read  of  the  early  att«mpfa  to  bum  anthracite  or  stone  coal, 


^^- 


and  the  repeated  failures  even  under  steam-hoilers  and  in  furnaces  built  to 
bum  bitnrainous,  we  are  tempted  to  state  that  the  miners  of  that  day  did 
not  know  coal  from  bane  or  slate,  and  that  we  suspect  they  sent  all  to 
market  as  it  came  from  the  mines, — coal,  dirt,  and  impurities.  Such  we 
believe  to  be  the  chief  reason  why  coal  "would  not  burn"  in  those  early 
days,  as  it  is  deemed  a  good  reason  now.  But  let  us  follow  our  pioneer 
miners  through  their  "sea  of  troubles." 

The  first  discovery  of  coal  on  the  Lehigh  was  in  the  Mauch  Chunk  or 
Bear  Mountain, — a  continuation  of  the  Sharp  Mountain, — about  nine 
miles  west  of  Mauch  Chunk,  and  where  the  village  of  Summit  Hill  is 
now  located.  Though  denominated  the  "Lehigh  Region,"  this  portion  of 
the  Lehigh  coal  is  in  the  Schuylkill  or  southern  coal-field,  and  at  its  eastern 
end. 

The  discovery  of  coal  in  this  locality  was  made  during  1791  by  a  jkiof 
hunter  of  the  vicinity, — the  fiimous  PkUip  Ginter.  We  will  let  him  tell 
his  own  story,  or  tliat  which  is  so  frequently  told  foi;  him : — 
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"When  I  first  came  to  these  mountains,  some  years  ago,  I  ijiiilt  a  cabin 
on  the  east  side  of  the  mountain,  and  managed,  by  trapping  and  hunting, 
to  support  my  femily  in  a  rough  way.  Deer  and  bears  were  pretty  tliick, 
and  during  the  hunting  seasons  meat  waa  pientifiil;  but  sometimes  we 
ran  short  of  that,  and  frequently  were  hard  up  for  such  necessaries  as  could 
omly  be  had  by  purchase  with  the  produce  of  the  hunter. 

"One  day,  after  a  poor  season,  yhen  we  were  on  short  allowance,  I  had 
unusually  bad  luck,  and  was  on  my  way  home,  empty-handed  and  dis- 
heartened, tired,  and  wet  with  the  rain  that  commenced  falling,  when  I 
struck  my  foot  against  a  stone  and  drove  it  on  before  me.  It  was  nearly 
dusk;  but  light  enough  remained  to  show  me  that  it  was  black  and  shiny. 
I  had  heard  of  '  8TOS"E-coajj'  over  in  Wyomink,  and  had  frequently  pried 
into  the  rocks  in  hopes  of  finding  it.  When  I  saw  the  black  rock,  I  knew 
it  must  bo  stone-coal,  and  on  looking  around  I  discovered  bla^k  dirt  and 
a  great  many  pieces  of  stone-coal  under  the  roots  of  a  tree  that  had  been 
blown  down.  I  took  pieces  of  this  coal  home  with  me,  and  the  next  day 
carried  them  to  Col.  Jacob  Weiss,  at  Fort  Allen. 

"A  few  weeks  after  this,  Col.  Weiss  sent  for  me,  and  offered  to  pay  for 
my  discovery  if  I  would  t«ll  him  where  the  coal  was  found.  I  accordingly 
offered  to  show  him  the  place  if  he  would  get  for  me  a  small  tract  of  land  and 
water-power  for  a  saw-mill  that  I  had  in  view.  This  he  reaflily  promised, 
and  afterwards  performed.  The  place  was  found,  and  a  quarry  opened  in 
the  coal-mountain.  In  a  few  years  the  discoveiy  made  hundreds  of  for- 
tunes; but  I  may  say  it  ruined  me,  for  my  land  was  taken  from  me  by  a 
man  who  said  he  owned  it  before  I  did,  and  now  I  am  still  a  poor  man."* 

Col.  Weiss  took  the  specimen  of  coal  which  he  had  received  from  Ginter 
to  Philadelphia,  and  submitted  it  to  the  inspection  of  men  of  eminence 
and  scientific  attainment,  who  pronounced  it,  after  much  study  and  inves- 
tigation, to  be  done-eocd, — a  fact  which  Philip  had  determined  in  advance. 

John  Nicholson,  Michael  Hillegas,  and  Charles  Cist — an  intelligent 
printer — were  satisfied  of  its  value  and  quality,  and  sent  word  to  Col. 
Weiss  to  satisfy  Ginter,  on  condition  of  his  showing  the  locality  of  the 
coal;  and  this  was  done,  as  before  related  by  Ginter  himself. 

In  the  following  year,  1792,  Hillegas,  Cist,  Weiss,  and  others  formed 
the  "Lehigh  Coal-Mine  Company,"  and  took  up  about  6000  acres  of  coal 
land,  which  has  since  formed  the  coal  territory  of  the  "Lehigh  Coal  and 
Navigation  Company," — formed  by  the  sul)sequent  amalgamation  of  the 
Lehigh  Coal-Mine  Company  and  the  Lehigh  Navigation  Company. 

The  original  company,  composed  of  Robert  Morris  {the  celebrated  finan- 

*  Thia  IB  substantially  aa  the  story  was  told  by  Ginter  to  a  friend  some  yearg  after  the 
diacoTary.  Of  his  history,  adventures,  or  subsequent  life  we  find  no  data,  and  hare  never 
heard  whether  he  received  reward  ov  employment  from  the  great  company  whose  founda- 
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cler),  J.  Anthony  Morris,  Cist,  Weiss,  Hillegas,  and  others,  organized  an 
exi>edition  in  May,  1792,  to  open  the  mints.  Foar  miners  and  one  of  the 
company  formed  the  mining  foi-ce.  The  coal  was  soon  found  without 
limit,  and  several  tons  wei-e  dug  up.  There  was  plenty  of  eoal,  and  but 
little  trouble  to  mine  or  quarry  it.  But  what  to  do  with  it  was  the 
question.  The  coal  existed  in  the  midst  of  a  wild  and  mountainous 
region,  surrounded  by  unbroken,  primitive  forests,  only  traversed  by  the 
war-paths  of  the  Indians  or  the  courses  of  the  hunters.  The  nearest 
market  was  at  Philadelphia,  over  a  hundred  miles  distant;  and  even  that 
was  a  doubtful  dependence,  since  mineral  coal  of  any  kind  was  but  little 
used,  and  anthracite  or  stone  coal  was  then  a  novelty. 

On  becoming  satisfied  of  the  value  and  extent  of  the  coal  deposits,  the 
company  suspended  operations  at  the  mines,  and  commenced  to  operate  on 
public  opinion  and  create  an  interest  and  a  market. 

Col,  Weiss  always  carried  samples  in  his  saddle-bags,  and  never  last  an 
opportunity  to  introduce  his  stone-coal  to  notice,  or  passed  a  blacksmith 
without  urging  on  him  the  value  and  uses  of  the  new  fuel. 

But  the  public  generally  are  always  doubtful,  and  in  this  case  the 
"  black  rocks"  of  the  Lehigh  Coal  Mine  Company  were  a  subject  of  much 
suspicion  and  ridicule. 

In  1798  the  Legislature  chartered  a  joint-stock  company  to  improve  the 
navigation  of  the  Lehigh,  and  some  $30,000  were  expended  in  clearing 
the  rocks  from  the  shoals  and  constructing  wing  dams.  In  1803  tJie 
I^ehigh  Coal  Mine  Company  again  resumed  operations  at  their  mines,  and 
six  arks  were  built  at  Lausanne,  on  the  river,  above  Mauch  Chunk,  ready 
for  the  first  freshet  to  float  them  to  Philadelphia  ma  the  Lehigh  and  Dela- 
ware Kivers. 

The  coal  was  hauled  from  the  mines  to  the  river,  some  nine  miles,  by 
horses,  and  the  arks  duly  started  with  about  one  hundred  tons  each,  and 
manned  respectively  with  six  men  to  the  float. 

For  the  first  15  miles  the  river  is  very  rapid,  the  fall  being  about  20 
feet  to  the  mile,  but  not  equally  distributed,  the  descent  being  concentrated 
at  the  rapids  or  shoals.  Those  iamiliar  with  the  rafting  of  timber  down 
the  rivers  of  Maine,  or  our  own  Susquehanna,  or  even  the  mode  which  has 
been  practised  for  the  last  20  years  on  the  Coosa  in  Alabama,  may  form 
some  faint  conception  of  the  perils  and  excitement  attending  this  early 
navigation  of  the  Lehigh. 

Of  the  six  arks  thus  started  on  their  perilous  trip,  only  two  reached 
Philadelphia,  with  less  than  two  hundred  tons  of  eoal.  But  the  difficulties 
of  finding  purchasers  were  equal  to  the  difficulties  of  reaching  the  market. 
No  one  wanted  it,  and  none  cared  to  experiment.  At  length  the  city 
authorities  purchased  the  coal  for  the  purpose  of  working  a  steam-engine 
which  was  then  located  in  Broad  Street  to  pump  water  for  the  supply  of 
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the  city.  The  trial  was  a  failure.  The  stone-coal  could  not  be  made  to 
bum ;  it  was  rejected  as  worthless  rocks,  and  broken  up  to  gravel  the  foot- 
walks  of  the  0 


This  experiment  dampened  the  ardor  and  disappointed  the  hopes  of  the 
coal  company,  and  for  the  next  seventeen  years  ensuing  they  did  not 
meddle  with  done-coal  on  their  own  responsibility;  but  several  leases  were 
granted  to  sanguine  individuals  whose  feith  remained  unshaken. 

William,  Trumbull,  Esq.  had  an  ark-load  of  anthracite  brought  to  the 
city  of  Philadelphia,  in  1806,  but  with  no  better  success. 

In  1813  the  Hon.  Charles  Miner,  Jacob  Cist  (son  of  Charles  Cist),  and 
Mr.  Robinson,  all  of  Wilkesbarre,  leased  the  mines  of  the  Lehigh  Coal  Mine 
Company,  and  commenced  their  operations ;  but  before  they  were  ready  to 
ship  coal,  Mr.  Eobinsou  withdrew  from  the  enterprise.  At  length,  how- 
ever, in  the  spring  of  1814,  they  started  five  ark-loads  of  coal  down  the 
Lehigh ;  only  two  reached  Philadelphia,  but  the  coal  they  contained  was 
sold,  at  21  dollars  per  ton,  to  Messrs.  "White  and  Hazzard,  who  were  manu- 
facturing wire  at  the  Falls  of  the  Schuylkill. 

This  cargo  of  coal  had  been  preceded  by  a  few  wagon-loads  from  Sohuyl- 
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kill  County,  which  were  taken  to  Philadelphia,  by  Col.  George  Shoemaker, 
early  in  1812,  and  which  was  the  first  anthracite  or  stone  coal  sueeessfuBy 
burned  fw  •practical  purposes  in  that  city. 

The  secret  or  mystery  of  burning  anthracite  !iad  been  discovered  by  acci- 
dent. It  was  found  that  closing  the  furnace  doors  and  leaving  the  coal 
alone  were  the  simple  remedies ;  that  draft,  and  the  passage  of  the  air 
through  the  heated  mass,  creating  a  natural  hot  blast,  were  essential  to  the 
economical  combustion  of  anthracite.  But  this  incident  will  be  related 
more  at  large  in  connection  with  the  history  and  development  of  the 
Sckuylkill  region. 

Messrs.  Miner  and  Cist  found,  on  counting  the  cost,  that  coal-mining  at 
that  early  day,  arid  under  the  circumstances,,  was  a  losing  business,  and  if 
continued  would  be  ruinous ;  and,  consequently,  they  abandoned  the  enter- 
prise, after  sinking  considerable  capital  in  the  Lehigh  coal  trade. 

Young  Jacob  Cist  was  an  intelligent  and  scientific  man,  and  more  femiliar 
with  mercantile  and  literary  attainments  than  the  original  and  practical 
knowledge  required  for  the  development  of  a  new  and  savage  region. 

The  late  Hon.  Charles  Miner  was  too  well  and  ^vorably  known  at  home 
to  need  eulogy  at  our  hands.  He  represented  old  Luzerne,  then  embraj^ing 
all  Northeastern  Pennsylvania,  in  the  Legislature,  and  subsequently  Lan- 
caster, Chester,  and  Delaware  Counties  in  Congress.  He  published  tlie 
"Gleaner,"  and  the  "Village  Record,"  for  a  long  period,  and  was  a  forci- 
ble, ready,  and  practical  writer,  the  author  of  the  History  of  Wyoming, 
and  other  works  and  papers  of  importance  to  the  history  of  our  country 
and  times. 

He  wrote  the  first  essays  on  the  development  of  the  anthracite  coal-fields, 
and  presented  in  detail  many  of  the  public  improvements  which  have  since 
been  erected  as  a  monument  to  his  foi-esight  and  practical  sagacity.  It  is 
remarkable,  also,  that  he  recommended  a  railway  from  Wilkesbarre  to  the 
Lehigh  as  early  as  December,  1813,  before  railroads  existed,  and  when  not 
one  in  a  thousand  could  know  what  a  railway  was. 

Bat  Mr.  Miner  was  not  the  only  man  deserving  the  notice  of  the  histo- 
rian, in  connection  with  the  development  of  our  coal-fields.  Josiah  "White 
and  others  have  left  practical  monuments  of  utility,  but  none,  like  Miner, 
have  left  their  thoughts  and  actions  so  pubiicly  recorded :  we  will,  there- 
fore, be  excused  if  we  seem  partial,  and  plead  the  want  of  time  and  space 
for  further  personal  remarks. 

In  1820  the  navigation  of  the  Lehigh  was  so  far  improved  as  to  admit 
the  descent  of  arks  with  comparative  safety,  and  during  that  year  365  tons 
of  coal  were  shipped  to  Philadelphia,  and  sold  at  $8.50  per  ton;  and  from 
this  time  the  Lehigh  coal  trade  has  been  steadily  on  the  increase.  During 
1864  it  amounted  to  nearly  2,000,000  tons.     The  3G5  tons,  or  one  ton  a 
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day,  of  1820,  heads  the  statistical  column  of  the  anthracite,  or  we  may  say 
the  American  coal  trade. 

In  1832  the  Lehigh  navigation  was  further  improved  from  the  primitive 
wing  dams  and  sluices,  which  admitted  the  passage  of  loaded  arks,  but  not 
their  return,  to  a  slack-water  navigation,  with  locks  and  dams.  In  its  pre- 
sent condition  the  canal  is  48  miles  long,  45  to  50  feet  wide  at  the  bottom, 
60  to  100  at  the  top,  and  six  feet  deep.  The  locks  are  22  feet  wide  and 
102  feet  long  The  total  eo<.t  of  cinal  and  fi\tureb  to  1S64  is  $4,455,000 
Tht,  amount  of  coil  tran-ported  durino;  the  name  jeai  n^s  847  123  ton«, 
nd  the  total  amount  from  the  tommcnrement  of  the  tndc  iii  1620  was 
21 1 000  000  ton),  by  canal 


L^^ 


Previous  to  the  year  1847  the  Lehigh  Company  obtained  all  tlie  coal 
which  they  sent  to  market  from  their  great  open  quarry  on  the  Mauch 
Chunk  Mountain  at  Summit  Hill,  and  on  the  identical  spot  where  the 
"stone-coal"  had  been  discovered  by  Philip  Ginter. 

This  celebrated  quarry  has  been  an  object  of  great  curiosity  to  thousands. 
It  was  a  scene  not  presented  by  any  of  the  mining  districts  of  the  world ; 
for  here  a  single  vein  of  coal  reached  the  enormous  maximum  thickness  of 
seventy  feet,  or  equal  to  the  workable  thickness  of  the  entire  formations  of 
the  richest  coal-fields  of  the  Old  World. 

Here  the  coal  was  not  mined  in  the  ordinary  manner,  but  quarried  in 
the  daylight  from  an  uncovered  face  of  coal  that  would  average  50  feet  in 
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perpendicular  height.  This  quarry  has  been  abandoned  sineo  1847.  The 
excavation  or  place  formerly  occupied  by  the  quarry  will  cover  an  area  of 
30  or  40  acres,  and  the  amount  of  coal  shipped  from  the  quarry  probably 
exceeds  2,000,000  tons.     In  1840  the  amount  excavated  was  30  aeres,  or 


1,100,000  t( 
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The/rs(  railroad  of  any  note, — except  a  sliort  one  of  three  miles  at 
Quincy,  Massachusetts, — in  this  country,  was  constructed  from  Mauch 
Chunk  to  the  Summit  Mines,  a  distance  of  nine  miles,  in  1827.  This  was 
and  is  a  gravity  road,  having  a  descent  from  the  mines  to  the  river  of 
about  100  feet  per  mile.  At  first  the  mules  which  hauled  back  the  trains 
rode  dovm  with  the  coal  in  a  car  constructed  for  tlic  purpose,  and  could  not 
be  forced  to  walk  down  after  having  enjoyed  the  luxury  of  riding.  By 
this  novel  contrivance  two  and  a  half  trips,  or  40  miles  per  day,  could  be 
accomplished.  An  improvement,  however,  was  subsequently  adopted,  and 
stationary  engines  fixed  at  each  terminus  of  the  track,  by  which  the  empty 
cars  were  drawn  to  the  summit  of  the  mountain  and  returned  again  to  the 
mines  by  gravity.  In  1831  a  locomotive  road  was  constructed  to  the 
eastern  extremity  of  the  company's  mines  at  "Moom  Run,"  where  14 
seams  were  developed  in  1830,  with  an  aggregate  of  240  feet  of  coal.* 

In  1837  the  Lehigh  &  Susquehanna  Eailroad  was  commenced,  from 
White  Haven  to  the  Wyoming  Valley,  a  distance  of  nearly  20  miles. 
This  road  was  completed  about  1845.  The  first  shipment  appear,s  in  1846, 
of  5886  tons. 

The  Beaver  Meadow  Railroad,  opening  out  the  Beaver  Meadow  basin, 
and  the  Hazleton  Railroad  to  the  Hazlcton  basin,  w*e  in  operation  in 
1840 ;  the  Buck  Mountain  Company's  road  was  nearly  ready  for  operation 
in  the  same  year. 

The  Lehigh  Valley  Railroad  was  opened  in  1855,  transporting  9003 
tons  of  coal,  and  during  1864,  1,295,419  tons;  the  total  amount  shipped 
from  the  Lehigh  region  by  both  canal  and  railroad  during  the  same  year 
was  1,928,706  tons. 

Note.— The  original "  Coal  Mine  Company"  leased  in  1817  their  whole  propertj  and  privi- 
leges (0  Messrs.  White,  Ilaiiard  &  Co.  for  20  jears,  at  an  annual  rental  of  one  ear  of  com! 
but  they  were  bound  to  deliver  for  their  os™  benefit,  40,000  bushels  of  coal  annually  in  Phila- 
delphia. These  gentlemen  formed  their  interests  into  a  stock  company,— the  Lehigh  Coal 
Company, — and  also  organized  the  LeMgh  Navigation  Company,  afterwards  amalgamated  as 
the  Lekigh  Ifavigation  and  Coal  Company,  and  subsequently  obangcd  to  the  Lehigh  Coal  and 
Namgation  Company. 

The  atoet  of  the  old  "  Coal  Mine  Company"  was  bought  up  by  the  new  organiialion. 
At  firat  the  shares,  representing  fiftieth  pai-ts  of  the  wliole  property,  were  bought  at  5150 

*  These  14  veins  are  really  but  7,  being  the  north  and  south  dips  of  the  same  basin : 
consequently,  they  are  counted  in  this  estimate  twice. 
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per  share ;  the  last  brought  §2000  per  share.  The  Lehigh  stock  has  generally  stood  high 
ia  market.  It  depreciated,  however,  20  per  oeut.  wlieu  the  ivorkmea  reported  they  had 
foand  the  bouora  of  the  coal  at  60  fecL 


THE   SCHUYLKILL   REGIOS, 

In  point  of  prominence  and  present  development  t,he  Schuylkill  r^ion 
is  the  most  important,  antl  haa  more  claims  to  the  attention  of  the  historian 
than  either  of  tliose  before  mentioned,  since  in  connection  we  must  also 
include  the  history  of  the  Mahanoy  region,  as  an  off-shoot  or  consequent 
result  of  the  development  of  this.  But  in  a  consecutive  detail  of  events 
it  is  of  course  best  and  proper  to  relate  them  in  the  order  of  their  occur- 
rence, as  we  have  attempted  to  do,  and  thus  for  the  first  time  presented 
to  our  readers  a  reliable  historical  account  of  the  order  in  vifhieh  our  coal- 
fields have  been  developed. 

The  first  traditional  account  we  have  of  the  discovery  of  coal  in  tlie 
Schuylkill  region  is  about  1790,  when  Nicho  Allen,  a  noted  hunter  and 
somewhat  notorious  character,  who  lived  on  the  Broad  Mountain  at  the 
"  Black  Cabin"  or  Big  Spring,  discovered  stone-coal  at  the  foot  of  the 
Broad  Mountain  about  the  period  of  which  we  write.  No  written  account 
of  his  discovery  has  ever  come  to  our  notice,  tliough  we  have  often  heard 
the  traditional  account.  Some  ten  years  ago  we  commenced  to  gather 
material  for  a  work  of  the  kind  we  are  now  writing,  thougli  circurastaneea 
prevented  their  use  at  the  time,  but  we  find  them  now  available. 

\Vc  will  be  as  brief  as  possible,  though  we  have  no  doubt  our  readers 
will  be  interested  to  know  every  incident  and  event  relating  to  the  early 
discovery  and  development  of  our  celebrated  and  invaluable  coal-fields. 

Tradition  says  that  Nicho  Allen,  alias  the  "  Biacli  Yankee,"  discovered 
etone-coal  during  one  of  his  hunting  expeditions,  in  the  following 
manner.  Allen  had  camped  for  the  night,  which  lie  frequently  did,  under 
the  shelter  of  some  overhanging  rocks  and  trees,  the  precise  locality  of 
whieli  is  not  mentioned ;  but,  having  built  a  fire  on  some  fellen  rocks,  he 
stretched  himself  to  sleep  as  near  it  as  was  safe.  Some  time  during  the 
night,  when  the  wood  should  have  been  burned  to  embers,  leaving  the  fire 
low,  Nicho  was  surprised  to  be  awakened  by  more  heat  about  his  legs  than 
was  comfortable ;  but  he  was  astonished,  on  rubbing  his  eyes  and  his  shins, 
to  find  the  rocks  a  glowing  mass  of  fire,  and  the  mountain,  as  he  supposed, 
in  danger  of  being  consumed. 

This  appears  to  have  been  Allen's  first  experience  with  stone-coal.  In 
the  morning  he  found  the  rocks  were  black  and  shining,  and  corresponding 
to  the  description  he  had  heard  of  stone-coal;  he  consequently  congratu- 
lated himself  on  his  discovery,  having  such  ocular  demonstrations  of  its 
value  as  a  fuel,  and  during  the  many  years  that  followed,  before  the  virtue 
of  anthracite  was  fully  recognized  by  the  doubtful  and  uuappreciative 
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public,  Nicho  Allen  was  its  firm  and  steadfast  advocate.  But,  like  most  of 
tlioae  early  pioneers,  he  did  not  appear  to  have  profited  much  by  discovery 
or  experience. 

The  last  we  heard  of  him  was  on  the  occasion  of  hia  death:  which,  if  we 


Mahanoy  on  a  slender  foot- 
e  fell  off  and  was  drowned 
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He  had  removed  back  to  hia  native  State  io  New  England,  in  disgust 
with  his  success  at  coal-mining;  but,  having  acquired  a  property  in  the 
Mahanoy  Valley,  the  accident  we  have  just  related  occurred  while  he  was 
on  a  temporary  visit  here  to  look  after  it. 

Such,  we  believe,  were  the  facts,  as  correctly  as  they  arc  generally  given 
by  tradition.  Several  versions  of  the  same  story  were  told  by  the  associates 
of  Allen,  but  tliey  are  all  substantially  the  same.  We  have  no  doubt  hut 
this  incident  attracted  attention  at  the  time,  and  was  the  first  information 
we  possess  of  the  discovery  of  anthracite  coal  in  the  mountains  of  tiie 
Schuylkill,  which  led  to  practical  results. 

The  next  notice  we  find  of  the  use  or  existence  of  anthracite  coal  in  the 
Schuylltill  region  is  in  the  Transactions  of  the  "Coal  Mining  Association 
of  Schuylkill  County,"  in  which  it  is  stated  that  a  blacksmith,  by  the  name 
of  Whetstone,  used  it  in  his  smithery  about  the  year  1795.  His  success 
induced  several  others  to  dig  for  coal,  and,  when  found,  to  attempt  to  burn 
it;  but  the  difficulty  was  so  great,  they  gave  up  in  disgust.  We  have  no 
doubt,  as  before  stated,  that  one  chief  cause  of  theu*  failure  was  owing  to 
their  ignorance  of  the  difference  between  coal  and  slate.  It  is  reasonable 
to  suppose  that  our  primitive  miners  (?)  had  but  small  experience  in  this 
matter,  and  that  they  dug' all  their  coal  from  the  imperfect  outcrops  of  tlie 
seams. 

About  the  year  1800,  we  learn  from  the  same  source,  a  Mr.  William 
Morris,  who  owned  a  large  tract  of  land  near  Port  Carbon,  procured  a 
wagon-load  of  coal,  we  suppose  from  his  own  land,  and  took  it  to  Phila- 
delphia ;  but  he  was  unable  to  bring  it  into  notice,  or  induce  the  honest 
Quakers  to  buy  his  roc^,  any  more  tlian  his  successors  in  the  trade  from 
the  Lehigh.  He  returned,  sold  his  lands,  abandoned  his  plans,  and  retired 
from  the  business  in  disgust  The  coal-trade  of  the  Schuylkill  did  not 
revive  from  tliis  shock  until  1808.  But  about  this  time  coal  was  found 
in  cutting  the  tail-race  of  the  Valley  Forge,  on  the  Schuylkill.  It  was 
tried  by  David  Berlin,  a  blacksmith  of  the  neighborhood,  -wdth  complete 
success:  they  had  stumbled  on  some  good  coal,  and  from  that  time  stone- 
coal  grew  into  repute  among  the  smiths  of  the  Schuylkill,  as  it  had,  long 
before,  grown  in  favor  with  the  Vuleans  of  Wyoming  and  the  Susquehanna. 

In  1812,  Col.  George  Shoemaker,  of  Pottsville,  loaded  nine  wagons  of 
coal  from  his  mines  at  Centreville, — a  locality  now  abandoned,  on  the  main 
turnpike  road  from  Pottsville  to  Ashland,  and  about  a  mile  from  Potts- 
ville,— and  with  these  proceeded  to  Philadelphia,  hoping  to  find  a  market. 
But  the  experience  of  the  Philadelphians  with  anthracite  or  stone  coal 
was  very  unfavorable  at  that  period;  the  frequent  and  persistent  attempts 
to  impose  rocks  on  them  for  coal  had  roused  their  indignation,  and  Col, 
Shoemaker  was  denounced  as  a  knave  and  a  scoundrel ! 

Col.  Shoemaker  persisted,  however,  and  disposed  of  two  loads,  at  the 
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cost  of  transportation, — one  to  Messrs.  White  &■  Hazzard,  of  the  Fair- 
mount  Nail  and  Wire  Works,  at  the  Falls  of  the  Schuylkill,  and  tiie  other 
to  Messrs.  Mellon  &  Bishop,  of  tlie  Delaware  County  RoUing-Mill.  The 
remaining  seven  loads  he  either  gave  away,  or  disposed  of  to  bladvsmiths 
and  others  who  promised  to  try  it,  for  a  trifle.  But  the  colonel  was  not  to 
get  off  so  easily.  Though  he  lost  money,  time,  and  trouble  in  his  attempts 
to  introduce  a  fuel  which  has  since  made  Philadelphia  one  of  the  most 
wealthy  and  prosperous  cities  in  the  world,  the  very  men  to  whom  he  had 
given  his  coal  obtained  a  writ  from  the  authorities  of  that  city  for  his 
arrest  as  an  impostor  and  a  swindler.  Col.  Shoemaker  was  forced  to  beat 
8  hasty  retreat,  and  only  saved  himself  from  persecution  and  "Jitstice"  by 
taking  a  wide  circuit  around  the  Quaker  City  on  his  way  home. 

In  the  mean  time,  Mr.  White,  who  was  anxious  to  succeed  in  burning 
this  coal,  and  some  of  his  men,  spent  a  whole  morning  in  trying  to  ignite 
it  and  raise  a  heat  in  one  of  their  furnaces.  They  tried  every  possible 
expedient  which  skill  and  expei-ienee  in  other  fuels  could  suggest.  They 
raked  it,  and  pohed  it,  and  stirred  it  up,  and  blew  upon  the  swi-faec  through 
open-fwrnace  doors,  with  perseverance  and  persistent  determination,  but  all 
to  no  purpose.  Col.  Shoemaker's  roeks  would  not  burn,  and  tlie  attempt 
was  abandoned.  But  dinnei'-time  had  arrived,  and  the  men  shut  the 
fui'nace-doors  in  disgust,  heartily  tired  of  the  stones,  or  stone-coal,  if  such 
it  was. 

Returning  from  dinner  at  the  usual  time,  all  hands  were  astonished  at 
the  phenomenon  which  they  beheld.  The  furnace-doors  were  red-hot,  and 
the  whole  furnace  in  danger  of  being  melted  down  with  a  heat  never  before 
experienced.  On  opening  the  doors,  a  glowing  mass  at  white-heat  was 
discovered.  So  hot  a  fire  iiad  never  been  seen  in  the  furnace  before. 
From  this  time  anthracite  or  stone-coal  found  friends  and  advocates  in 
Philadelphia,  and  the  motto  "  let  it  alone"  became  a  receipt  for  its  use 
rather  tlian  its  abuse. 

Messrs.  Mellon  &  Bishop  also  succeeded,  about  the  same  time,  in  using 
successfully  the  load  of  coal  they  had  obtained  from  Col,  Shoemaker;  but 
it  appears  evident  they  took  the  hint  from  the  motto  adopted  at  the  Falls 
of  the  Schuylkill,  and  acted  accordingly. 

The  result  of  these  successes  got  mto  the  papers,  and  the  press,  as  usual, 
soon  gave  it  reputation.  Everybody  knew  stone-coal  was  coal,  as  soon  as 
somebody  proved  it  such. 

In  1814  the  Schuylkill  Navigation  was  projected,  and  so  fer  completed 
in  1822  that  1480  tons  of  coal  were  sent  down;  but  not  until  1825  was  the 
navigation  in  a  condition  to  pass  boats  to  and  from  Pottsville  and  Phila- 
delphia; and  in  the  mean  time  the  coal-trade  of  the  Lehigh  had  been 
opened,  mainly  through  the  exertions  of  Messrs.  Wliite  &  Hazzard,  who 
devoted  their  time  aud  their  means  with  tlie  most  determined  perseverance 
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to  what  was  then  a  herculean  task,  and  bosct  with  difficatties  and  riaksi  of 
the  most  formidable  character. 

Thougli  a  small  quantity  of  coal  was  sent  down  the  Schuylkill  Naviga- 
tion  each  year  from  1822,  it  was  not  until  1825,  when  6500  tons  were  sejit 
down,  that  we  can  fairly  date  the  commencement  of  the  trade  from  this 
region.  From  that  time  it  has  increased  rapidly,  and  in  the  year  1860, 
1,366,688  tons  were  transported  over  the  canal  alone.  It  was  not  until 
1841  that  the  Beading  Railroad  was  open  to  the  eoal-trade,  and  850  tons 
transported  over  it  to  market.  Last  year,  or  1864,  3,065,577  t«ns  went  ovlt 
this  railroad  to  Port  Richmond  — the  shipping  point  on  the  Delaware. 

The  fir^t  ittempts  to  mine  coal  weie  lude  and  simple  A  shaft  or  pit 
WIS  Slink  a  few  feet  on  the  outeropf  of  a  seam,  and  the  coal  raised  by 
meins  of  1  common  hand  wmdliss  It  was  sold  to  smiths  and  others  in 
lie  \icinity  at  t-wcnty-five  cents  per  bushel,  oi  nbout  $5  per  ton.  Subse- 
P,^  ^p  qiiently,    or    about   1823,   an 

improvement  was  made  by 
substituting  horse-poiver,  and 
gins,  or  "horse-whims,"  for 
the  \Mndla-^  "When  the  shalit, 
or  \\orLs,  became  from  30  to 
5(1  feet  deep,  and  the  water 
troublesome,  the  establishment 
WIS  removed  ind  a  new  shaft 
started  No  system  was  pur- 
sued in  mining  the  coal,  but 
all  within  easy  reach  at  the 
bottom  of  the  shaft  was  ex- 
tracted, and  tlie  place  aban- 
doned to  fill  with  water;  which 
afterwards  proved  a  source  of 
^pense,  annoyance,  and  danger  to  mining  operations  in  the  vicinity. 

Drifts  had  been  run  in  on  the  level  of  the  veins  at  an  early  date,  when 
the  discovery  of  coal  happened  to  be  at  localities—at  the  foot  or  on  the 
side  of  a  hill — where  this  mode  was  applicable.  The  coal  was  then 
brought  out  in  wheelbarrows. 

It  was  not  until  1827  that  rails  were  used  in  the  mines;  and  up  to  1829 
the  coal  was  earffid  over  common  mud-roads  from  the  mines  to  the  canal. 
This  year  79,973  tons  were  shipped. 

Abraham  Pott,  of  Port  Carbon,  was  the  first  to  build  a  model  railroad 
in  this  r^ion.  It  led  from  his  mines  to  the  canal,  a  distance  of  half  a 
mile.  Soon  after,  the  Mill  Creek  Railroad  was  built  from  Port  Carbon  to 
the  Broad  Mountain,  above  the  present  town  of  St.  Clair.  The  distance 
is  about  three  miles.     The  cost  was  ?5000.     This  was  in  1829. 
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Tlie  ScliuylkiU  Valley  Road  was  completed  in  18SJ1,  and  extended  from 
Port  Carbon  to  Tuscarora,  a  distance  of  10  miles;  cost,  $63,000. 

Tiie  Norwegian  &  Mt.  Carbon  Road  was  finished  during  the  same  year. 
It  extended  fi-om  Mt.  Carbon  to  the  forks  of  the  Norw^ian,  about  one 
mile,  then  branched  up  the  east  and  west  forks  of  that  stream  to  Oak  Hill 
on  the  west  and  Wadesville  on  the  east.  Length  of  road,  between  five 
and  six  miles ;  cost,  $97,000. 

The  next  constructed  was  the  Mine  Hill  &  Schuylkill  Haven  Road; 
length,  11  miles,  or,  with  the  w^t  branch,  15  miles,  and  costing 
$182,000. 

The  Little  Schuylkill  Railroad,  from  Port  Clinton  to  Tamaqoa,  22 
miles,  was  in  course  of  completion  in  1833.  It  was  designed  as  a  loco- 
motive road,*  but  was  not  used  as  such  until  some  years  subsequent.  The 
total  cost  of  double  track  was  estimated  at  $260,000. 

A  fair  price  for  coal  delivered  in  Philadelphia  was  estimated  in  1833  at 
8o  per  ton;  thus: — 

Delivered  in  boats  at  Port  Carbon 82.50 

Toll  on  canal 1.00 

Freight  to  Philadelphia 1.50 

So.OO 

The  growth  of  the  coal-trade  in  the  Schuylkill  region  was  very  rapid 
after  the  introduction  of  railroads,  and  increased  from  79,973  tons  in  1829 
to  839,934  in  1844.  The  introduction  of  the  steam-engine  for  hoisting 
and  pumping  at  the  mines,  which  had  now,  in  many  cases,  been  carried 
below  water-level,  also  added  to  the  facilities  of  mining.  The  first  steam- 
engine  was  erected  at  the  Delaware  Mines  in  1836. 

In  1844  there  were  twenty-two  eoilieries  under  water-level,  at  which 
there  were  twenty-eight  steam-engines,  with  an  a^regate  of  1100  horse- 
power, engaged  in  hoisting  coal  and  draining  water.  In  addition,  there 
were  thirteen  smaller  engines  erected  during  1844  for  the  purpose  of 
breaking  and  cleaning  coal,  in  connection  with  the  Batten  Coal-Breaker, 
which  had  just  been  introduced.  These  increased  the  aggr^ate  horse- 
power to  1278. t  The  first  coal-hrcakcr  erected  ^■as  by  Mr.  Gideon  Bast, 
on  Wolf  Creek,  near   Minersville.     It   was  driven   by  a  twelve-horse 

*  The  first  locomotive  used  in  thia  country  was  on  the  Carbonilala  &  Honeadiile  Railroad, 
belonging  to  the  Delaware  &  Hndson  Canal  Company,  in  1828.  It  waa  designed  to  conrey 
tlie  coal-cara  of  this  oompsray  from  their  planes  to  the  Laokawaien  and  return,  but  was 
found  too  heayy  for  their  lightly-built  road.  All  the  rajlroaiia  of  that  period  were  built  of 
wood,  and  strapped  with  light  plate-rails.  We  do  not  remember  cast-iron  tram-rails  aa 
used  to  any  esteut  at  the  antliraoite  mines. 

t  For  the  aggregate  horse-power  during  1864,  we  refer  to  the  Tables  in  the  Appctidis, 
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«igine,  and  was  capable  of  breaking  and  cleaning  200  tons  of  coal  per 
day, — or  equal  to  the  labor  of  from  50  to  60  men  per  day.  At  present, 
(Hir  large  establishments  are  capable  of  preparing  ii-om  500  to  1000  tons 
per  day. 

The  first  successfiil  use  of  anthracite  in  this  country  for  the  purpose  of 
smelting  iron  was  made  in  1839,  at  the  Pioneer  Blast  Furnace,  in  Potts- 
ville.  This  fiirnace  was  built  by  Mr.  William  Lyman,  of  Boston,  about 
the  time  or  soon  after  the  successful  use  of  anthracite  by  Mr.  George  Crane, 
of  the  Gnyscedlyn  Iron  Works,  in  South  Wales, 

The  Pioneer  furnace  was  then  managed  by  Mr.  Lyman  and  Benjamin 
Perry,  assisted  by  Mr.  David  Thomas,  who  has  since  been  so  remarkably 
successful  on  the  Lehigh  in  the  production  of  anthracite  iron. 

In  1826  an  attempt  was  made  on  the  Lehigh  to  use  anthracite  in  the 
blast  furnace,  but  failed,  as  all  those  early  attempts  did,  simply  for  the 
want  of  a  hot  blast,  as  there  has  been  no  difficulty  since  its  application  in 
the  production  of  pig  metal  with  anthracite  coal.  But  in  1839,  soon 
after  the  successful  result  of  the  Pioneer  funiaces,  Messrs,  Baughman, 
Gintcau  &  Co.  started  the  Mauch  Ciiunk  furnace,  but  it  did  not  continue 
long  in  operation. 

The  number  of  anthracite  furnaces  in  operation  dnring  1860  was  121, 
The  production  of  iron  in  1840  was  287,000  tons ;  in  1860  it  had  increased 
to  884,474  tons.*  In  1840  the  number  of  furnaces,  principally  charcoal, 
was  804;  but  in  1860  they  had  decreased  to  580,  of  which  only  416  were 
charcoal. 

MIDDLE   COAL-FIELD. 

The  western  end  of  the  middle  coal-field,  or,  as  it  is  called,  the  Shainohin 
r^ion,  was  not  practically  developed  until  1839,  on  the  completion  of  the 
railroad  from  Sunbury  to  Sbamohin,  during  which  year  11,930  tons  were 
shipped;  but  in  1864  the  Shamokin  trade  had  increased  to  333,478  tons. 
Of  the  early  liistory  and  development  of  this  region  we  have  but  little 
information.  We  may  mention,  however,  that  the  existence  of  coal  in  the 
middle  field  must  have  been  known  at  an  early  day,  as  "  coal"  is  marked 
in  this  locality  on  Scul'a  old  map  of  Pennsylvania,  and  on  Faden's  Atlas 
of  North  America,  as  early  as  1770-7. 

The  eastern  end  of  the  middle  coal-field  is  known  as  the  Mahanoy  region,' 
and  is  of  late  development.  The  first  coal  was  shipped  from  the  Malianoy 
Valley  over  the  mine  plains  and  railroad  in  1855,  but  so  rapid  has  been 
the  increase  that  in  1864  1,501,518  tons  were  shipped  over  the  four  rail- 
road lines  that  now  offer  outlets  to  the  coals  of  this  rich  valley. 

*  For  later  reports,  see  Tabular  Statement  in  Appendix. 
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Wyoming  or  Norttern  Coal-Field.. 

Middle  Coal-Field,  Shamokin  Regi 

"  "  Mahanoy  Begic 

Lehigh  Basins 

Southern  or  Schuylkill  Coal-Field. 
ToUl 


CUMBERLAND   COAL-FIELD,   MARYLAND. 

We  will  merely  notice  in  this  connection  the  Cumberland  trade,  in  order 
to  give  the  date  of  its  development. 

The  first  appearance  we  find  of  the  Cumberland  coal  in  market  is  in 
1820,  when  70,000  busheJs  were  sent  down  the  Potoraae  in  barges  or  arks; 
but  the  opening  of  the  Cumberland  »x>al-trade  commenced  in  1842,  when 
there  were  shipped  over  the  Baltimore  &  Ohio  !Bailroad  1708  tons.  We 
find  no  shipments  by  the  Chesapeake  &  Ohio  Canal,  until  1850,  when 
3042  tons  were  transported  over  that  line. 

The  production  of  the  Cumberland  region  was  657,996  fx)ns  in  1864, 
and  the  total  amount  produced  to  the  same  date,  8,446,229. 


OTHER  COAL-FIELDS. 

It  is  impossible  to  give  a  connected  statement  of  the  early  history  and 
development  of  our  Western  bituminous  coal-fields,  generally.  The  area 
is  so  extremely  extensive,  and  the  localities  so  remote,  and  their  histories  so 
diifuse  and  uncertain,  tliat  nothing  useful  or  instructive  could  be  gained  by 
the  attempt.  We  will,  however,  give  all  that  may  be  found  valuable  or 
interesting  in  connection  with  developed  or  prominent  localities  under  the 
local  heads  farther  on. 

We  may  be  safe,  however,  in  stating  the  coal-production  of  the  West  to 
be  fully  10,000,000  tons  per  annum.  The  only  return  we  have  is  a 
partial  statement  for  1860: — 

WESTERN   COAL-PRODUCTS   IN   1860. 

PennsylviiJiia 66,994,332  bushels. 

Ohio 28,339,900 

ininoia 25,000,000 

Indiana 15,000,000 

VirgiDia 10,000.000 

At  30  bushels  to  the  ton 145,334,232 
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The  products  of  other  coal-produeing  Western  States  not  included  in 
the  above  estimate  will  swell  the  amount  above  6,000,000  of  tons.  The 
oml-product  of  the  West  has  also  largely  increased  since  1860.  In  1864 
the  Monongahela  Navigation  Company  alone  sent  36,070,917  bushels  to 
market,  an  increase  over  1863  of  8,626,665  bushels.  In  1845  only 
4,605,185  bushels  were  sent  over  this  line. 
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CHAPTER    VII. 

CQAI^FIELDS   OP   GREAT   BRITAIN. 

Variety  and  liharactcr  of  Coal — Cannel,  Bituminous,  Anthracite— British  Coal-FieMs— 
Areaa — Thieltness  of  Coal  and  Coal  Measures — -Great  Northern  Coal-Ficld — Extent — 
Monk-Wearmouth  Pit^Permian  Strata — New  Red  Sandstone — Water — Iiranenao  Cost  ot 
Sinking — Dikes,  Faults,  and  Errors — Natural  Coke — Lower  Coal -Beds— Coal-S  earns— 
High  Main— Low  Main— East  Somerset  Thin  Seama— Cost  of  Mining— Total  Production 
of  the  Newcastle  Coal-Mines — Kamea  of  Operators  and  Collieries — Production  per  Head 
— South  Wales  Coal-Field — Anthracite — Production— Uses — North  Staffordaliire  Coal- 
Field— "Potteries"  —  Iron-Stone— Fire- CI  ays— "Punch  and  TMrl" — Longwal! — Coal- 
Pields  of  France — Production  of  Coal  and  Iron — Coals  of  Belgium — Other  European 
Coal- Fields. 

VAEIETS   AND  CnARACTEB  OF   COAL, 

The  coals  of  the  Carboniferous  era,  or  "  true  coals,"  as  they  are  frequently 
called,  may  be  grouped  under  several  heads,  or  names : — Cannel,  Bitumi- 
nous, Semi-Bituminous,  and  Anthracite.  Cannel  is  a  remarkable  variety, 
the  coarser  kinds  being  called  "parret"  in  Scotland,  and  eplint-coal  in 
England  and  our  Western  coal-fields. 

Cannel  contains  from  40  to  60  per  cent,  of  volatile  matter,  and  the  pro- 
portion of  carbon  varies  to  the  same  extent.  It  takes  fire  like  a  candle, 
burns  readily,  and  gives  out  much  flame  and  smoke.  The  ash  varies  from 
4  to  10  per  cent.  This  is  generally  considered  the  best  gas  coal,  since  it 
produces  large  quantities  and  of  a  remarkably  pure  quality.  It  is  found 
extensively  in  the  Scotch  coal-fields,  and  also  exists  to  a  limited  extent  in 
the  Newcastle  district ;  in  the  Wigan  portion  of  the  Lancashire  coal-field, 
and  in  the  Yorkshire  and  Derbyshire  coal-fields. 

Cannel  coai  passes  into  jet  and  asplialtura.  It  may  be  worked  into 
ornaments,  but  is  brittle  and  not  very  hard.  The  seams  are  generally  thin, 
though  there  are  important  exceptions.  The  coal  of  the  Mons  basin, 
Belgium,  seems  to  be  of  this  kind.  Cannel  exists,  to  a  great  extent,  in 
our  Western  coal-fields,  of  the  richest  and  purest  variety. 

Cannel  is  a  bituminous  coal,  but  differing  so  much  from  our  common 
bituminous,  that  it  seems  more  appropriate  to  designate  them  by  different 
names.  Common  bituminous  contains  less  volatile  matter,  and  may  be 
.said  to  yield  from  50  to  75  per  cent,  of  carbon,  and  the  semi-bituminous 
from  75  to  90  per  cent,  of  carbon. 

The  rich  caking,  or  coking,  coals  of  Northumberland  and  Durham 
contain  from  60  to  70  per  cent,  of  carbon,  and  from  2.50  to  6  per  cent,  of 
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ash;  -while  the  average  yield  of  the  Newcastle,  or  the  Great  Northern, 
coal-field,  is  from  70  to  75  per  ceat.  of  carbon.  The  variety  known  as 
"household  coal"  contains  the  largest  amount  of  carbon,  and  those 
known  as  steam  and  gas  coala  the  smallest  amount  of  carbon,  and,  of 
course,  the  lai^est  amount  of  volatile  matter.  The  following  analysis 
gives  the  approximate  or  average  percentage  of  those  coals,  as  presented  on 
the  authority  of  the  North  of  England  Institute  of  Mining  Engineers. 


Coke 


Househ.ld.  Gas.  Steam.  Coking. 

fCarbon 71.81  68.11  60.59  70.72 

tAshee 58  .95  1.01  2,21 

products 27.61  30.94  38.40  27.07 

100.00  100.00  100.00  100.00 


The  coking  coal  of  this  district  leaves  a  red  ash  in  an  open  fire,  and 
requires  to  be  deprived  of  its  volatile  matter  before  being  exposed  to  a 
strong  blast,  owing  to  its  tendency  to  cake  or  cement  together  in  a  solid 
mass,  and  thus  prevent  a  free  draught  through  the  graf«  or  furnace  in 
which  it  may  be  used. 

The  coals  of  Staffordshire,  Yorkshire,  Derbyshire,  lancashire,  North 
Wales,  and  many  other  districts,  contain  as  much  or  more  bituminous 
matter  than  those  of  Northumberland  and  Durham,  but  they  do  not  cake 
or  coke  as  well,  and,  consequently,  may  be  used  to  a  greater  extent  without 
coking.  On  account  of  its  superior  coking  qualities,  nearly  half  of  the 
enormous  coke  production  of  Great  Britain — 6,000,000  tons — is  made 
from  the  coals  of  the  Great  Northern  coal-field.  The  coals  of  tliose  dis- 
tricts named  above  burn  freely,  with  much  flame,  and  give  out  great  heat, 
but  they  are  considered  inferior,  for  hou.sehold  as  well  as  coke-making 
purposes,  to  the  coals  of  the  last-named  field.  They  yield  from  50  to  70 
per  cent,  of  carbon,  and  from  25  to  45  per  cent,  of  volatile  matter,  with 
about  6  per  cent,  of  ash,  which  is  often  white.  Most  of  the  coals  of  the 
inland  counties  show  the  presence  of  argillaceous  earth  by  the  white  lines 
on  the  edges  of  the  beds,  and  are,  therefore,  less  adapted  to  general  use 
than  the  Newcastle  coals;  but  many  of  them  are  of  excellent  quality. 

Next  in  order  to  the  coals  of  the  midland  counties  are  those  of  North 
and  South  Wales,  which  contain  a  larger  percentage  of  carbon  generally 
than  the  coals  named  above,  and,  of  course,  less  volatile  matter  and  bitu- 
men. They  burn,  however,  freely,  with  but  little  smoke  or  residue,  and 
are  peculiarly  adapted  for  steam  purposes  and  the  manufacture  of  iron,  or 
where  a  strong  blast  is  required.  This  character  of  coal  is  as  extensively 
distributed  as  the  coals  before  mentioned,  and  is  found  extensively  in 
America,  at  Pittsburg  in  Pennsylvania,  Ohio,  Maryland,  and  elsewhere. 
It  is  also  found  and  mined  to  some  extent  in  France,  Belgium,  Saxony, 
and  Austria. 


ci  by  Google 


VARIETY  AXD  CHAEACTEH  OF   COAL. 


131 


The  last  variety  among  the  true  coals  is  autliracit«,  which  consists  almost 
exehisively  of  carbon.  This  is  a  non-bituminous  coal,  as  the  steam-coal  is 
a  semi-bituminous.  We  do  not  generally  apply  the  term  stmi-bituminous 
in  thia  country  to  the  bituminous  steam-coak  of  Cumberland  and  Bloss- 
burg,  or  those  of  the  eastern  limits  of  the  great  Alleghany  coal-field;  but 
they  are  nevertheless  as  genuine  a  semi-bituminous  as  the  coals  of  Broad 
Top  or  Sullivan  county. 

Anthracite  coal  contains  from  80  to  95  per  cent,  of  carbon,  with  a  small 
amount  of  ash  generally,  and  sometimes  a  limited  percentage  of  volatile 
matter.  The  anthracites  are  heavier  than  common  coaJ,  and  take  fire  with 
difficulty,  but  burn  with  intense  heat  when  fully  ignited  under  a  strong 
draft.  This  coal  is  found  abundantly  in  South  Wales  and  in  Pennsylvania, 
and  also  exists  in  the  south  of  Ireland,  in  France,  Saxony,  and  l^ussia. 

The  use  of  this  coal  is  greatly  on  the  increase,  though  of  late  develop- 
ment. It  is  adaptable  to  a  variety  of  purposes,  but  its  chief  use  of  late 
years  has  been  for  the  manufacture  of  iron  and  for  steam  purposes  gene- 
rally, in  the  vicinity  of  its  production.  It  was  used  exclusively  by  our 
war-steamers  during  the  Rebellion,  with  the  exception  of  our  gunboatss  on 
the  Western  rivers.  This  coal  is  generally  lustrous,  with  a  bright,  shming, 
irregular  or  conchoidal  fracture;  hard,  dense,  and  tenacious,  or  without 
fracture  during  combustion,  but  sometimes  brittle  and  friable  under  a 
strong  heat,  and  not  available  for  use  in  the  blast  furnace. 


TABLE   OF   THE  VARIETY  AMD   CHARACTER   OP   COAL.* 


burning  bias- 


Dry  008 
not  adhesi 
open-burning 


W.  Pa,,  OHo,  Va.,  ami  Illinois... 

Newcastle-on-Tjne,  Bertley 

Northumljerlaad,  Tjne  Works..., 

Staffordshire,  Apdale  Works , 

Wednesbury 

Dcrliysliira,  Butterly,  Cherry 

Codner  Park,  Soft  Coal 

Lancashire  Cannel  Coal 

Scotch,  Liamahago 

Derbyshire,  Morley  P.  K 

Auzin 

BiT.  de  Gier 

St.  Etienue 

Clyde,  SpliQtCoal 

"      Clod  Goal,  richest 


B.  C,  Tajlor'a  Statistics  of  Coal, 
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TABLE   OF   THE  VARIETT  AND   CIIAKACTER   OF   COAL.- 


"-"■—■ 

LocaUliesofCoat. 

By  whom 

j 

1 

IIL 
Loss  adhe- 
sive, or  oak- 

U.  States. 

PennayWania,  Philipsburg 

Johnson. 

Clemflon. 
Fraser. 

Mushet. 

G8.0 
68,1 
64.2 
62.6 

79.5 
78.4 

si.o 

81.0 
80.0 
85.0 
74.8 
76.1 
77.0 
75.4 
70.1 

91.0 

95!: 

94.1 

88"5 
90.7 
85.0 
92.0 
94.2 

22.0 
26.8 
26.0 
35.5 

17.5 
18.8 
12.0 
11.5 
15.0 
17.0 
12.7 
21.7 
16.9 
16.0 
16.4 
16.7 

8.0 
6.0 
2.8 
1.4 
7.1 
7.5 
7.0 
lO.O 
6.0 

10.0 

S.  Wales. 

Belgium. 
U.  Statea. 

?8 

IV. 

Steam-cauls, 
vei-ydry  with 
eioessofcai- 

Rhjmnej  &.  Tredegar  Worka 

Steam,  Pembroy  &  LlansHy 

Mushet. 

Berthiar. 

Gruner. 

Lea. 

Jackson. 

Clemaon. 

Mushet. 

B«gers. 

Lea. 

Rogers. 

Johnson. 

Jackson. 

4.0 
3.0 

bon      Open- 

R5 

burning  semi- 

Dauphin  county.  Pa.,  Ratlin  Run 
Maryland,  Mt.  Savage 

7.0 
7.0 
8? 

S.  Wales. 
U.  States. 

Russia. 

1  0 

Ant  hraoite. 

Blaok  Spring  Gap,  Pennsylvania 

Mflueh  Chunk,  Pennsylvania 

Sugar  Loaf, 

4.8 
4.0 
2.3 

Territory  of  Don  Cossacks 

BRITISH  COAL-FIELDS. 

The  coal-fields  of  the  British  Islands,  as  given  b)'  Dr.  Ure,— from  whom 
some  of  the  foregoing  facts  are  obtained,  and  who  is  generally  very  coi-rect, 
— arc  more  extensive  than  the  areas  we  have  adopted. 

"We  give,  however,  below,  an  interesting  table  from  his  works,  in  which 
it  will  be  observed  tliere  is  considerable  difference  in  the  areas  as  given  by 
as  in  Chapter  V. 

The  area  of  the  South  Wales  coal-field  is  less  than  our  computation ;  but 
that  of  Ireland  is  fer  greater.  The  Irish  coal-fields  are  not  considered 
valuable  or  productive  to  a  great  extent,  and  mining  operations  are  very 
limited,  owing  to  the  impurity  and  unproductiveness  of  the  seams.  We 
have  given  250  square  miles  of  available  coal  area  out  of  more  than  2000 
square  miles  of  coal  formation;  and  this  amount  is  in  excess  of  that  given 
by  most  of  the  late  English  authorities. 

Our  estimate  of  the  coal  resources  of  Great  Britain  is  also  in  excess  of 
the  estimates  of  her  modern  engineers,  though  we  give  only  6195  square 
miles  of  productive  coal  area,  while  Dr.  Ure  gives  8800.     The  addition, 
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however,  of  200,000  acres  to  the  South  Wales  coal-field  and  the  sub- 
traction of  1,690,000  acres  from  the  coal-fields  of  Ireland  will  reduce 
Dr.  Ure's  estimate  to  about  the  proportion  we  have  adopted. 

Estimates  of  the  total  amount  of  coal  contained  in  a  given  area  are  by 
no  means  reliable :  there  are  so  many  circumstances  affecting  the  seams 
that  no  calculation,  without  a  practical  computation  of  the  amount  of  coal 
in  each  seam,  can  be  even  an  approximation  to  the  truth.  But  few  of  the 
coal-seams  underlie  the  whole  area  of  any  coal-field ;  some  of  them  are 
lost  or  become  valueless  in  the  deep  basins,  or  in  opposite  directions,  while 
dikes,  faults,  and  other  interruptions  seriously  depreciate  the  amount  of 
available  coal,  and  erosion  or  denudation  affects  it  still  more. 

Much  discussion  has  taken  place  recently  in  regard  to  the  probable  dura^ 
tion  of  the  British  coal-fields  under  the  present  rate  of  production,  which 
is  not  likely  to  diminish,  since  it  has  steadily  increased  for  the  last  500 
years  or  more.  But  even  at  a  maximum  of  100,000,000  tons  per  year, 
it  is  estimated,  by  good  authority,  that  the  supply  of  coal  in  the  British 
Islands  will  be  exhausted  within  300  years.  Mr.  Hull,  Sir  William  Arm- 
strong, and  Prof.  H.  D.  Eogers,  now  of  the  University  of  Glasgow,  Scot- 
land, place  the  limit  at  212  years;  while  Mr.  T.  Y.  Hall,  an  eminent 
mining  engineer  of  the  north  of  England,  and  Mr.  Greenwell,  a  geolc^iat 
of  the  same  district,  estimate  the  duration  of  the  Great  Northern  coal-field 
at  256  years,  under  a  production  of  20,000,000  tons  per  annum,  which  is 
less  than  the  present  production. 

No   coal-producing   country  is  so  thoroughly  developed   as  England, 

TABLE   OF   BRITISH   COAL-FIELDS* 


Nsmeg  of  the  Principal  Cosl-Fiel^. 

ss. 

h 

CP81^^ 

600,000 

99,500 

550,000 

651,500 

79.954 

65,000 

80,000 

167,500 

"600,000 

1,045,000 

'1,850,000 

18 

7 

75 

12 
17 
11 
9 
60 
30 
84 

80 

17 

150 

S2 
40 
67 
80 
90 
100 
200 
40 

7 

10 

10 

"40" 
21 
7 
9 
30 

2.  Cumberland  and   Westmoreland   and 

8.  Lancashire,     Flintshire,    and    North 

6000 

2100 

7.  Wavwiokshire  and  Leicestershire 

8.  Somersetshire  and  GlouoeBfflrehire,... 

5000 
12,000 

a  This  estimate  is  200;000  a 
6  This  is  1,690,000  acres  m. 
*  Dr.  Ure. 


res  less  than  we  have  given  elsewhere. 

e  tlian  our  calculation  of  productive  coal  m 
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therefore  we  must  adopt  the  later  estimates  as  the  most 
Loriect  though  largeh  at  \aiiance  \\ith  the  eminent 
authonties  tt^m  which  our  tible^,  m  Chapter  \  Mere 
compiled  But,  it  -^vill  be  observed,  m  those  tables  we 
Pimply  give  the  total  cool  ■^redi^  total  thicLnc^i,  and 
total  assumed  amrunt  of  coal,  fiom  the  data  thus 
iuinished,  without  deductions  for  dikes,  faults,  wi^te, 
pillirs,  &c  ,  and,  mortover,  we  calculated  the  pro- 
duction of  all  seama  fiom  one  fiot  up  mstcad  of  thiet 
feet,  which  the  gentlemen  abo-\  e  quoted  take  as  a  mini 
mum  w  orkable  thicl  ne^fl  AVe  think,  and  there  can  be 
n  doubt  of  it,  when  coil  becomes  scarce  and  high- 
}  need  m  England  her  en£;ineers  will  find  a  n  ode  to 
w(.ik  many  a  small  or  abandoned  seam  which  it  pie- 
tent  will  not  paj 

GREAT  ^ORTHEIlN  COALFIELD 

This  coil  field  I'i  peihip^  the  Invest  in  Enghnd 
It  wa-i  the  fiiat  developed  and  is  of  the  greatest  im 
I  it^nce  to  the  British  coal  trade,  since  it  tumi^hes 
ntirh  one  fourth  of  its  production  The  area  of  this 
field  IS  calcul  ittd  at  75t)  s  ^u-ire  mi!e«,  including  only 
50  square  miles  under  the  sea  but  good  autboiity,  in- 
cluding the  eminently  piaeticalipinion  of  riicholasWcod, 
Esq  ,  places  half  of  the  field  or  moie  undei  the  !Noith 
Sea  which  would  swell  the  aiea  to  1400  oquire  miles 

This  field  IS  generally  known  as  the  NewcH«tle  coal- 
ficH  and  is  located  m  Dm  ham  and  ISoithumbeiland 
counties  It  extends  fiom  the  ri'ser  Tera  m  the  &outh 
to  the  Coquet  in  the  noith  a  distance  of  48  miles  with 
a  maximum  breadth  of  24  miles,  or  a  mean  of  nearly 
16  miles.  The  deepest  coal  that  has  been  proved  is  the 
HuttonSeamjintheMont-WearmouthPitiWhichislSOO 
feet  below  the  level  of  the  sea,  and  its  mouth  one  mile 
from  its  shores,  the  coal  still  dipping  east,  or  under  the 
sea.     Below  the  Hutton  are  the  Harvey  and  the  Eoek- 


ExpLANATioNB. — Verticcl  Siction  at  Monh-Weormoutk. — o,  Sea  at  the  mouth  of  tlic  river 
Wear;  b,  Mont-Wearmouth  shaft;  c,  new  red  sandstone;  d,  high  main  coal;  e,  main  coal 
or  Wear;  /,  HuUonseam;  g,  Winn  Sill.  XIV.  Ma  gne  si  an  limestone;  XIII.  coal  measures; 
Xn.  millstone  grit  or  conglomerate ;  XI.  upper  euboarboniferous  ;  X.  lower  suboarbonife- 
rous ;  IX.  old  red  sandatone.  The  lower  coal  series  ox  subcarboniferous  coals  are  between 
XI.  and  X.     Thej  are  the  same  as  our  proto-aarboniferous  or  false  ooal  n 
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wellseams,  besides  some  five  orsix  others,  not  now  considered  workable;  the 
whole  occupying  some  six  or  seven  hundred  feet  of  coal  measures.  Accom- 
panying will  be  found  a  vertical  section  of  this  coal-field  near  the  mouth  of 
the  river  Wear,  at  the  Monh-Wearmouth  pit,  which  is  1800  feet  below  the 
sea-level,  shown  by  the  water-line  crossing  some  hundred  feet  below  the  pit's 
mouth,  on  a  level  with  the  Wear,  which  enters  the  sea  at  Sunderland,  one 
mile  from  tliia  point.  We  have  numbered  the  strata  in  the  same  manner  as 
adopted  in  the  Palaeozoic  strata  of  the  Appalachian  formation,  figure  2, 
Chapter  II.  No.  XIII.  represents  the  coal  measures;  No.  XII.  the  great 
conglomerate,  or,  as  known  in  England,  the  millstone  grit;  No.  XI.  tlie 
great  Carboniferous  limestone,  containing  the  upper  and  lower  coal  series. 
No.  X.  is  the  lower  Carboniferous  limestone, — the  scar  limestone,  contain- 
ing the  lower  coal  series  of  the  English  formations,  and  synonymous  with 
our  protoearboniferous,  or  false  eoal  measures.  No,  IX.  is  the  femous  "  old 
red  sandstone."  Above  the  coal,  No.  XIV.,  in  this  section,  is  the  Permian 
formation,  not  shown  in  our  Appalachian  column,  though  probably  existing. 
This  is  the  new  red  sanihtone,  and  the  magnesian  limestone,  so  peculiar  to 
the  great  English  coal-fields. 

This  Permian  formation  extends  from  the  vicinity  of  Tynemouth,  about 
the  middle  of  the  coal-field,  to  its  southern  extremity,  on  the  Tees, — cover- 
ing about  one-fourth  of  the  coal-field  from  100  to  300  feet  deep. 

Through  this,  as  will  be  noticed,  the  Monk-Wearmonth  pit  is  sunk.  It 
frequently  happens  that  the  cost  of  sinking  through  the  Permian  is  enor- 
mous, owing  to  the  sandstone  underlying  it  being  in  the  shape  of  quick- 
sand, or  full  of  great  water-seams,  which  drain  an  immense  area  of  coun- 
try, or,  perhaps,  may  be  fed  from  the  sea, 

lu  one  instance,  at  the  "winning"  of  Murton  colliery,  9000  gallons  of 
water  per  minute  were  encountered  in  this  sandstone,  requiring  the  exer- 
tion of  1584  horse-power  to  work  the  pumps.  The  first  attempt  at  the 
Haawel  pit,  or  "winning,"  was  abandoned  after  the  expenditure  of 
$300,000,  in  consequence  of  the  excess  of  water;  and  in  another  case  over 
$1,500,000  were  expended  in  establishing  a  single  colliery. 


TEAP  DIKES. 

Another  feature  of  this  coal-field,  and,  in  fact,  of  most  of  the  British 
formations,  are  the  numerous  dikes  of  trap  or  basalt  which  cross  them  in 
a  general  east-and-west  direction.  The  great  90-fathom  dike  of  the  New- 
castle coal-field  is  the  moat  peculiar.  Its  greatest  thickness  appears  to  be 
about  22  yards,  while  it  extends  in  length  almost  across  the  north  of  Eng- 
land from  the  North  Sea  to  a  point  near  the  Solway  Firth  in  the  Irish  Sea. 
It  forms  an  axis  through  the  coal-field, — the  seams  on  the  north  side 
dipping  off  from  the  dike  at  an  angle  of  from  one  in  six  to  one  in  four,  as 
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a  general  rule.     In  many  cases  the  seams  are  abraptly  thrown  up  or  down 
several  fathoms  by  the  numerous  dikes  which  cross  the  field. 

This  feature  of  the  English  formations  had  led  to  much  misconception 
of  faults  in  general.  Our  readers  may  remember  that  all  Javlts  in  coal- 
mines, as  portrayed  in  works  oji  geology,  are  of  this  class,  following  the 
"slip-dikes"  or  trap-dikes  of  the  English  coal-fields, — an  abrapt  termi- 
nation, an  "upthrow,"  or  a  "downthrow,"  being  the  general  form  portrayed; 
while,  in  fact,  this  form  of  feult  does  not  embrace  one-fifth  the  "tronblea" 
found  by  the  miner,  and  is  altogether  absent  or  extremely  rare  in  the 
American  coal-fields,  owing,  as  we  explained  in  Chapters  III.  and  IV.,  to 
the  venting  of  the  volcanic  forces  at  weaker  points  along  the  granite  sea- 
coast  line,  and  the  yielding  of  the  folded  strata  of  the  East  to  the  forces  of 
contraction.  In  the  English  formations  those  forces  found  vent  in  thou- 
sands of  dikes,  promiscuously  scattered  over  the  British  islands,  to  the 
serious  injury  of  their  coal-fields. 

THE  WHIN  SILL. 

Another  singular  formation  or  feature  of  the  Great  Northern  coal-field 
is  the  "whin  siU,"  marked  g  in  the  section,  which  exists  between  the  upper 
and  lower  Carboniferous  limestones,  and  in  the  vicinity  of  the  lower  coal 
measures.  This  is  a  trap,  or  basaltic  rock,  spread  over  and  between  the 
limestones,  and  seems  to  be  coextensive  with  the  field.  It  evidently  origin- 
ated from  some  volcanic  eruption  of  the  time,  and  may  have  resulted 
eotcmporaneously  with  some  of  the  great  dikes. 

It  is  extremely  doubtful  that  those  dikes  are  the  invariable  formations 
of  a  period  subsequent  to  the  coal  era,  as  many  suppose,  since  the  coal  is 
only  occasionally  affected  by  the  heat  of  those  igneous  rocks,  as  it  would 
be  were  they  injected  through  it.  The  coal  has,  in  a  few  instances,  been 
found  charred  near  the  dikes;  but  generally  they  simply  terminate  in  their 
vicinity,  as  might  be  expected  in  the  deposition  of  the  eoal-beds  if  subse- 
quently formed. 

"We  find  cases  of  veins  or  seams  being  consumed  to  a  cinder,  and  others 
charred  to  a  perfect  coke,  by  dikes  of  subsequent  formation,  which  have 
been  injected  through  or  between  the  coals.  The  Tuckahoe  portion  of  the 
Richmond  coal-fieid,  in  Virginia,  lying  principally  on  the  north  side  of 
the  James  River,  is  a  case  in  point.  Here  we  find  a  "whin  sill"  precisely 
similar  to  that  of  the  Newcastle  field  in  England,  injected  between  two 
coal-seams,  as  may  be  seen  in  the  sections  illustrative  of  the  Richmond 
field.  The  trap  found  a  vent  beneath  the  upper  seams  of  coal,  which  it 
burned  to  a  complete  cinder,  while  the  succeeding  seam  below  was  formed 
into  a  beautiful  and  useful  natural  coke,  which  is  in  great  demand  as  a 
household  fuel. 

The  lower  coal  measures  of  the  English  formations  are  fully  developed 
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in  the  Great  Northern  coal-field.  The  seams  of  coal  in  this  lower  series 
crop  out  in  the  mountain  limestone,  or  between  the  upper  and  the  lower 
Carboniferous  limestones. 

The  upper  beds  arc  two  in  number,  and  have  been  found  of  workable 
thickness;  the  lower  beds  are  generally  three  in  number,  though  they  fre- 
quently develop  more  numerously.  The  "whin  sill"  is  between  the  two 
series  of  seams,  but  &r  enough  from  either  to  prevent  a  coking  or  char- 
ring influence. 

Those  seams  form  a  valuable  body  of  coal  at  Scremerston,  in  the  vicinity 
of  Holy  Island,  some  30  miles  from  the  extremity  of  the  Northern  coal- 
field, on  the  Coquet.  Here  this  lower  coal  has  developed  to  a  thickness 
of  90  feet;  and  it  is  generally  believed  that  the  coal  of  the  Lothians,  in 
Scotland,  still  ferther  north,  is  of  the  same  formation.  Another  basin  of 
the  lower  coal  series  is  found  at  Plasketts,  to  the  west;  while  still  west  of 
that  are  the  coals  of  Canobie,  supposed  to  belong  to  the  true  coal  measures. 

The  dip  of  the  measures,  generally,  is  from  east  to  west  in  the  Northern 
coal-field.  They  rise  from  beneath  the  sea  towards  the  west  at  the  rate  of 
one  in  forty,  or  something  over  100  feet  to  the  mile.  In  the  deepest  parts 
of  the  basin  the  coal  appears  to  be  thinner  than  towards  the  outcrops, 
which  seems  to  be  the  rule  all  the  world  over,  viz. :  in  all  very  deep  basins. 
'J'he  magnesian  limestone  lies  over  the  deepest  portions;  but  we  cannot 
suppose  that  had  any  effect  on  the  coal,  which  must  have  been  formed 
long  before  tlie  limestone. 


There  are  57  seams  of  coal  in  the  Great  Northern  field,  from  one  to  six 
feet  in  thickness,  averaging  75  feet  of  coal;  of  these,  ten  are  workable 
seams,  from  30  inches  to  six  feet  thick,  with  an  average  working  thickness 
of  40  feet;  which  leaves  36  feet  of  coal  in  seams  not  now  considered  un- 
workable, ranging  from  one  to  two  and  two  and  a  half  feet  in  thickness; 
a  fact  which  it  might  be  well  to  remember  in  any  consideration  of  the 
duration  of  the  British  coal-fields. 

The  working  seams  are  locally  named,  and  some  confusion  exists  in 
identifying  them  in  difl^erent  portions  of  the  field.  Those  generally 
accepted  in  the  Newcastle  District  are  the  High  Main,  Five-Quarters, 
Main  Coal,  Bensham,  Hutton,  Beaumont,  Stone-Coal,  Low  Five-Quarters, 
Yard,  or  Three-Quarters,  aud  the  Brockwell. 

We  give  a  section  of  the  High  Main  and  Low  Main  in  their  most 
favorable  condition.  But  accompanying  will  be  found  the  variations  of 
these  seams  at  different  localities,  which  will  apply  generally  to  all  the 
other  seams,  since  they  change  in  about  the  same  proportion. 


ci  by  Google 


COAL-FIELDS  OF  GREAT  BRITAIN. 


High  Main. 

Feet.  Inches. 

Good  coal 4  0 

Band 6 

Coarse  coal 1  6 

6  "O 

Low  Main. 

Fe«t.  Inchoa. 

Jet,  or  cannel  coai 0  6 

Good  coal 5  0 

Bony  or  coarse  coal 1  0 


Those  seams  are  represented  above  in  their  best  con- 
dition; below  we  give  tliem  as  found  under  vaiiable 
conditiona. 


Miyh  Main  Seam. 

Feet.  Inches. 

Burdon  CoUiery. — Coal 2  7i 

Band.. 3i 

Coal 3  ^    5  11 

Sackworth's  Pit. — Gray  metal 0  2 

Poor  eoaj 1  9 

GrajmetaL 0  5 

Coarsecoal ^  ^  *     ^ 

Benton  Pit. —          Coal,  good G  6 

UndermLniug. 0  6 

Coal,coarse J.  1.   ^    2 

Low  Main  Seam. 

Feet.  Inches. 

At  Burdon  CoUie,ry. — Coal 1  8 

Band., 0  2i 

Coal 0  10 

BIue:Stone 0  3 

Coal ^  6i  5  6 

AtBlackwon}CsiB.t.—Qz.^a^\  coal— jet 0  2 

Splint 0  3 

Goal 2  U  2  5, 

At  Benton  Pit.—          Splint 1  3 

Coal 5  1 

Slaty  coal _0  _7  5  11 
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Average  Thickness  qf  Seavis. 

Feet. 

High  Main 6 

Five- Quarters,  or  Metal 3 

Main  Coa!,  or  Wear... 4 

Bensham,  or  Maudlin 4 

Hutton,  or  Low  Main 4 

Beaumont 3 

Stone-coal 2 

Low  Five-Quarters 3 

Three-Qoarters 3 

Brookweil  Seam 4 

Total  Workable  Coal 40 


0 


But  to  this  may  be  added  25  feet  of  coal  existing  in  seams  from  one  foot 
to  two  feet,  or  from  12  to  28  inches,  in  thickness,  which  are  not  now  con- 
sidered workable,  but  which  will  be  considered  valuable  long  before  the 
British  coal-fields  are  exhausted. 

Assuming  only  half  the  entire  area  of  the  Great  Northern  coal-field  to 
be  underlaid  by  those  small  seams,  or  but  half  the  area  productive,  they 
would  still  yield  20,000,000  tons  per  annum  for  five  hundred  years. 

It  may  be  a  question  to  many  of  our  readers,  whether  seams  as  thin  as 
12  inches  can  be  worked  at  all,  and  much  less  to  profit.  We  will  here 
present  some  fects  from  the  actual  workings  in  the  East  Somerset  coal- 
field, where  the  seams  are  generally  thin.  Near  Bath,  in  this  eoal-field, 
are  seven  seams  whoae  aggregate  thickness  is  12  feet, — three  of  them  from 
12  to  16  inches,  and  four  from  24  to  28  inches.  They  are  worked  ex- 
tensively on  tlie  "long  wall"  system,  at  the  following  items  of  expense. 


COST  OF  MINING  COAL  IN  EAST  SOMERSET. 


Mining 

Hauling 

Baising 

Making  roads 
Dead  work  . .. 

Total  c 


Thick  Veins 

Thin 

Veins 

over  18  iaches. 

under  1 

inches. 

. 

d. 

J 

d. 

1 

1 

■A 

2 

0 

8 

1 

•A 

0 

3 

0 

3 

0 

5i 

() 

(il 

0 

7 

0 

7 

3 

OJ 

4 

8i 

It  will  be  observed  by  the  above  table,  which  is  from  an  interesting 
paper  by  G.  C.  Greenwell,  in  Vol.  IV,,  North  of  England  Institute  of 
Mining  Engineers,  that  the  average  cost  of  mining  coal  in  the  thin  veins 
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of  Somerset  is  less  than  one  dollar  per  ton,  and  not  much,  if  any  thing, 
over  the  cost  of  mining  coal  in  the  great  anthracite  veins  of  Pennsylvania. 
We  may  also  compare  it  with  the  cost  of  mining  coal  in  the  Newcastle 
district,  as  given  by  the  same  author,  from  the  average  production  of  the 
Five-Quarters,  Low  Main,  and  Huttou  scams. 


COST  OF  MINING  COAL  AT  NEWCASTLE. 

ehillipgB.       Pence. 

Hewing  and  narrow  work 1  10 

Patting  and  helping  up 0  4i 

Deputy  work 0  2 

Making  wagon-ways 0  2 

Shiftwork ._0  lb 

Delivered  on  top — total  per  ton ■. 2  8  J 

These  charges  do  not  appear  to  include  machinery  or  cost  outside,  but 
the  simple  mining  charges,  or  inside  work. 

The  quantity  of  coal  mined  in  East  Somerset  during  1855  was  about 
400,000  tons,  or  160  tons  to  the  hand  for  under-ground  work.  In  the 
Newcastle  district  the  amount  of  coal  mined  per  head  in  1854  was  about 
494  tons  for  under-ground  work. 

The  amount  of  coal  actually  realized  from  an  area  containing  by  calcu- 
lation 122,082  tons,  was  108,703  tons,  leaving  only  13,379  tons  in  the 
mine  aa  waste  or  fine  coal,  dirt,  and  pillars, — or  only  10  per  cent,  of  the 
Whola 

ESTIMATED   COST   OF   DELIVERING   COAL   ON   BOARD  IN   THE   NEWCASTLE 
COAL-FIELD.* 


Sent  or  royalty.., 
Delivering  in  can 
Freight , 


Common  Coal. 


Extra  household  coals,  &c.  are  estimated  to  cost  more  than  this  amount. 
This  is  calculated  over  a  period  of  20  years,  and  includes  profits.  From 
the  same  author  we  find  the  value  of  coal  at  the  pits  during  1846  to  be,  in 
the  Northern  coal-field,  6s.  Gd.  per  ton ;  in  Cumberland,  Yorkshire,  and 
Staffordshire,  5s.  8d.  per  ton ;  in  Lancashire,  Cheshire,  Shropshire,  &c., 
5s.  Sd.;  in  Scotland,  Ireland,  and  Wales,  5s,  Sd.     These  estimates  are  the 

*  T.  Y.  Hall,  Vol.  II.,  North  of  England  Institute  of  Mining  Engineers, 
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valuation  of  the  average  production,  but  the  above  estimate  of  the  cost  on 
board  is  only  on  common  bituminoua  coal.  Extra  household  coal,  and 
superior  steam  or  gas  coals,  are  estimated  to  cost  one-third  more, 


TOTAL   PRODUCTION. 

The  total  production  of  the  Great  Northern  coal-field,  from  the  com- 
mencement of  the  coal-trade  to  1861,  is  about  1,051,812,483  tons ;  and  the 
amount  still  calculated  as  available  in  the  workable  or  larger  seams, 
5,576,432,173  tons.  This  is  exclusive  of  a  large  area  of  the  coal-field 
where  certain  workable  seams  have  not  proved  remunerative  under  present 
circumstances,  being  thin  and  in  some  places  faulty ;  nor  does  it  include 
the  25  feet  of  coal  in  veins  below  30  inches  in  thickness,  or  the  vast  area 
under  the  sea,  and  has  no  reference  to  the  lower  coal  series,  which  may  or 
may  not  underlie  the  entire  eoal-field. 

At  20,000,000  tons  annual  production,  the  Great  Northern  coal-field  is 
estimated  to  last  256  years,  without  reference  to  doubtful  or  undeveloped 
portions.  If  we  add  the  contingencies  on  which  the  British  manufacturers 
may  fall  back,  we  do  not  see  any  particular  need  for  aUrm  on  the  score  of 
exhaustion  for  the  next  500  years  at  least. 

The  coal-trade  of  this  field  is  now  in  excess  of  20,000,000  tons ;  but  tlie 
general  opinion  is  that  the  trade  will  not  increase  to  a  much  greater  extent, 
since  over  two-thirds  of  the  field  is  owned  or  controlled  by  a  few  large 
companies  or  wealthy  proprietors,  who  are  now  working  with  more  regard 
than  formerly  to  the  economy  of  fiiture  production. 

In  order  to  control  the  trade  and  keep  out  small  operators,  a  large 
"dead  rerd"  is  paid  by  some  of  the  companies.  Those  companies  have 
leases  on  productive  coal  lands  running  from  20  to  50  years,  on  which 
they  pay  a  certain  annual  royalty  as  "  dead-rent"  in  lieu  of  the  coal  which 
might  be  extracted,  but  which  is  not  yet  wanted.  It  is  estimated  that 
over  $2,000,000  have  already  been  paid  in  dead-rents  on  these  leases. 

We  give  below  a  list  of  the  great  companies,  collieries,  and  individual 
owners  as  they  existed  in  1855,  from  a  paper  by  T.  Y.  Hall,  published  in 
the  transactions  of  the  North  of  England  lust,  of  Mining  Engineers. 

The  number  of  collieries  is  136,  with  200  working  pits,  and  the  num- 
ber of  firms  and  individual  owners  less  than  80. 

NAMES   OF  PROPRIETORS.  COLLIERIES. 

,  1.  Lady  F.  A,  Vane,  Seaham,  Rainton,  Pittiugton,  Pcnsher, 

Marchioness  of  Loadoaderry.  Old  Durham,  Lady  Seaham,  Antrim    7 

2.  Earl  or  Durham.  Hougliton-le-Sprlng,  Littletown,  New- 
bottle,  Sherburn,  Sherburn  House, 
Shadforth,  Lady  Durham 7 
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3.  Hetton  Coal  Company. 

Messrs.  Cochran,  N.  Wood,  PLilip- 
Bon,  EurreU,  Dunn,  Ex.  of  Armo- 
rer, Duncan,  Smart,  and  others. 

4.  NoKTH  Hetton  Company. 

Messrs.  Wood,  Philipson,  Burrell, 
and  others. 

5.  Haswell  and  Shotten  Company. 

Messrs.  Clark,  Taylor,  Plume r, 
Maude,  Laws,  and  Bell. 

6.  South  Hetton  Company. 

Messrs.  Forst«r,  Walker,  Burrell, 
Green,  P.  Forst«r,  I.  Forster,  Per- 
cival  Forster,  and  John  Forster. 

7.  Thornlet  Company. 

Messrs.  T,  Wood,  Gully,  Chayton, 
and  Burrell, 

8.  Messrs.  J.  Bowes,  Hutt,  N,  Wood, 

and  CM.  Palmer. 


9.  Nicholas  Wood,  Esq. 


10.  Messrs.  W.  Bkckett,  N.  Wood,  An- 

derson, and  Philipson. 

11.  Townley  Stella  Company,  es.  for  the 

late  J,  Buddie,  T.  Y.  Hall,  C,  & 
A.  Potter,  and  M.  F.  Dunn. 

Messrs,  Bell  and  partners,  as  follows : 

12.  Davidson,  Stobart,  Crawford  &  Co. 


13.  Joseph   Pease,  I.  W.  Pease,   and 
Joseph  Pease  &  Company, 


GREAT   BRITAIN. 

Hetton,  Elemore,  Eppleton  near 
Houghton-Ie-Spring 3 

Kepier  Grange,  Moorsley,  Seaton, 
Hetton,  North  Hazard  Pit,  Grange- 
low,  Dunwell 6 

Haswell  Pits,  Shotton  Grange,  Ry- 
hopc  New  Pits. 

Hetton  South  Pits,  South  Hetton  Mur- 
ton  Pits,  South  Hetton  Kelloe  Pits, 
Tremdon  Grange 3 

Ludworth,  Thornley,  and  Tcimden,...    3 


Marley  Hill,  Dipton,  Pontop,  Green- 
croft,  Andrew's  House,  Norwood, 
Kibhlesworth,  Springwell,  Crook- 
bank,  Killingworth,  Seaton  Burn, 
Burnopfield,  Shipeote,  Delight  Pits, 
Poareth  Old  Pit. 

Tees,  Wallscnd,  Blackboy,  Coundon, 
Westerton,  and  Leasingthrone, 


Harton,  St,  Hilda,  and  Jarrow... 


Townley,  Stella,  and  Ryton 3 


Lambton,  Lumley,  Houghhall,  Bel- 
moat,  Harra  ton,  Southmoor,  Shield- 
row,  Haughhail,  ShinoUffe,  Wash- 
ington, and  Monk-Wearmouth. 

Adalaide,  Bowden  Close,  Eldcn,  Head- 
ley  Hope,  Jobshill,  East  Roddy- 
moor,  St,  Ellens,  and  Woodhouse 
Close. 
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]5.  Edward  Eicliardson  &  Co. 


16.  James  Joicey. 


18.  McHsrs.  J.  Lamb,  Potter  &  Co. 


19.  Messrs.  J.  Lamb,  W.  W.  Burdon, 
Barnes,  executor  of  Thos.  Straker. 


Messrs.  Uavidson,  Easton,  W.  An- 
derson, Stodart,  Bates  &  Hender- 


Hartlepool  West  Dock  Pits,  Thenwict, 
Bjersgreea,  Crowteea,  Coshoe,  West 
and  Clarence  Hetton,  Enghall,  New- 
field,  and  Little  Chilton. 

Spittletongs,  Medomsley,  Eiicn,  Der- 
went,  Cresswell,  Acorn  Close,  Castle- 
pit,  Langley,  and  Medomsley  Old. 

Stanley  East,  Twizell,  Tanfield  East, 
Tanfield  Lea,  Beamish,  Tanfield  Moor, 
and  Tanfield  Moor  South. 

Burraton,  Cowpen,  Hartley,  Seghill,  and 
Felling. 

Cramlington. 

Seaton  Delaval, 


The  foregoing  proprietors  occupy  the  largest  portion  of  the  coal-field, 
and  represent  two-thirds  of  the  capital  employed.  The  following  firms 
occupy  only  a  small  portion  each,  and  are  considered  small  proprietors. 


NAMES   OF   PROPHIETORS. 
1.  Mcssra.  Taylor,  Plummer  &  Co. 


2.  Messrs,  Taylor,  Lamb  &  Waldie. 

3.  "      Lamb,  Potter  &  Co.,  Trua- 


10. 


1.  Lash  &  Co. 
Fletcher  &  Sowerby. 
Bell  &  Hunter. 
W.  Hunter  &.  Co. 
Hunt  &  Co. 
W.  C.  Curteis  &  Co. 
Consett  Iron  Co. 


11.       "      Elliott  &  Ashton. 
13.        "       Cook  &  Co. 

13.  "       Headleys. 

14.  Executors  of  Messrs,  BrandJing. 


NAMES   OF   COLLIERIES. 
Holywell  Old,  Holywell  New,  East,  a^ 

Earsdon. 
Backworth  and  West  Cramlington. 
Wallbottle. 

Tyne  Main  and  Friar's  Goose. 

Erby  and  Burnhope  Flat, 

Frarawellgate,  near  Durbatn. 

Bentoa,  near  Newcastle. 

Ouaton  and  Urpeth, 

Pclton,  near  Cbeater-Ie-Street. 

Conside   Pits,  Crook   Hall,  and   Bla 

Hall  Pits. 
Osclose,  Usworth,  and  Nettlesworth, 
Castle  Eden  Pit. 
Cragside  and  Hom^idc. 
Gosforth. 
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15.  Messrs.  Bell  &  Brandling. 

16.  "      Tjzack. 

17.  "      Dalton.  Johnson  &  Co. 

18.  "      Easton,  Anderson  &  Co. 

19.  ",     J.  B.  Pearson  &  Co. 

20.  Mr.  Ralph  Dixon. 

21.  Messrs.  Cookson  &  Co. 

22.  Mr.  Skinner. 

23.  Burkinshaw'a  Trustees. 

24.  Messrs.  Longridge. 

25.  "       Burden  &  Barkus. 

26.  W.  W.  Burdon, 

27.  Messrs,  C.  Atwood  &  Co. 

28.  J.  B,  Blackett,  M.P. 

29.  Messrs.  Thos.  Sowerhy  &  Co. 

30.  "       Surtees  &  Co. 

31.  Mr.  Kiisop. 

32.  «    John  M.  Ogden. 

33.  Lord  Howden  &  Co, 

34.  Messrs.  N.  G.  &  F.  D.  Lambert. 

35.  "       J,  &  L  Harrison  &  Co. 

36.  "       D,  Burn,  Hawthorn  &  Co. 

37.  "       Straker  &  Lovo, 

38.  "       Bolckow  &  Vaaghan. 

39.  "       Stobart  &  Backhouse. 

40.  Marquis  of  Bute's  Executors. 

41.  Messrs.  Harrison,  Carle,  Lango  &  Co. 

42.  "      Carr  Bros. 

43.  Joseph  Cowan. 

44.  G.  H.  Ramsay. 

45.  Armstrong. 

46.  W.  H.  Bell. 

47.  Muachamp, 

48.  Pratman'a  Trustees. 

49.  Messrs.  Bell  &  Johnson. 

50.  "       Lost,  Johnson  &  Co. 

51.  "       Gooch  &  Co. 


Cox  lodge 

Edmonslej. 

Heaton. 

Hepburn  and  Oakwellgate. 

Heworth. 

Kepier. 

Miekley. 

Marshall  Green. 

Netherton. 

Barrington. 

Allerdean. 

Team. 

Black  Pierce,  Thornley,  and  Towlaw, 

Wjlam. 

Waldridge. 

Whit  worth. 

Wittonpark, 

Whitwell, 

Wingate  Grange. 
Walker  and  Bebsido, 

Radcliffe. 

Stanley  West. 

Bitchburn,    Eranccpeth,    and   Williag- 
ton. 

Auckland  West,  Etherley  New,  Wood- 
field  and  Whitlee. 

Etherley  Old  and  Bitchburn  North. 

Chopwell. 

Ashington. 

Bell's  Close. 

Bladen  Burn. 

Bladen  Main. 

Evenwood. 

Sacriston. 

New  Bitchburn. 

Butterknowle. 

WUlington. 

Tyne  Main. 


We  have  named  the  foregoing  parties  and  collieries  as  an  interesting 
record  to  many  of  our  old  English  minei-s,  perhaps,  more  than  to  our 
readers  generally.  This  list  is  for  1853-54.  We  have  not  been  able  to 
find  one  of  later  date.  Some  of  the  collieries  are  not  named,  but  the 
number  is  set  down.  In  1855,  Mr.  Hunt,  the  stattcian,  gives  273  collieries, 
.  but  evidently  means  pits,  and  includes  tlie  small  land-sale  pita. 
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There  is  not  an  entire  agreement  in  the  calculations  of  Sir.  Hunt  aii',1 
the  resident  engineers.  From  tlie  best  authorities  generally,  averagin:^ 
the  several  estimates,  we  find  the  following  results.  In  the  Great  Northern 
coal-field,  about  28,000  men  and  boys  under-ground  produced  15,000,000 
tons  in  1854,  or  an  average  of  about  600  tons  per  head.  In  Scotland, 
22,000  men  and  boys  under-ground  produced  7,250,000,  or  about  311  tons 
per  head.  In  North  Wales,  Lancashire,  and  Cheshire,  32,000  men  and 
hoys  under-ground  produced  about  10,000,000  tons,  or  about  320  tons  per 
hijad.  In  Belgium,  36,000  men,  women,  and  boys  produced  about  6,000,000 
tons,  or  about  166  tons  per  head.* 

The  coal  production  of  Northumberland  and  Durham,  or  the  Great 
Northern  coal-field,  during  1861,  was  21,777,670  tons  from  271  collieries; 
and  the  production  of  Great  Britain  during  the  same  year  was  83,635,21-1 
tons, 

SOUTH  WALES  ANTHRACITE   COAL. 

We  have,  perhaps,  devoted  more  space  to  the  Newcastle  coals  than 
would  bo  prudent  if  wti  proposed  a  general  description  of  the  English 
coal-fields  in  detail;  but  such  a  course  would  be  neither  appropriate  nor 


In  figure  19  we  have  given  the  coal  meaBures  in  solid  lilnck,  since  it  is  impossible,  ivitli 
our  present  information,  to  identify  the  seams,  or  locate  tliem  eyeu  approsimately,  in  so 
Bma.ll  a  space. 

desirable  in  a  work  essentially  American  and  devoted  to  an  exposition  of 
our  mineral  resources. 

We  have  dwelt  at  more  lengtli  on  the  Great  Northern  coal-field  than  we 
sliail  on  any  other  British  or  foreign  coal-field,  because  it  has  an  historical 
interest  and  stands  first  in  the  annals  of  the  coal-trade,  as  it  is  first  in  pro- 
duction, importance,  and  development.     Wc  shall  now  glance  briefly  at 

*  We  may  hare  made  a  few  errors  in  our  description  of  the  coals  Bnci  coal-fioids  of  Eng- 
land, since  it  is  difficult  to  choose  between  conflicting  atatementa,  and  our  distance  from 
the  BCene  preyents  us  from  detecting  them.  We  console  ourseWes,  however,  with  ths 
reflection  that  English  writers  on  American  subjects,  and  particularly  on  American  ooal- 
tolds,  aan  claim  no  exception  on  this  score.  We  can  only  hope  our  errors  are 
10 
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some  of  the  peculiar  English  coal-forinations,  which  may  possess  more 
than  ordinary  interest  to  the  general  reader,  and  simply  refer  to  others, 
before  dismissing  the  subject  for  the  present.  Under  the  heads  of  ventila- 
tion and  economic  mining,  we  shall  again  have  occasion  to  cite  the  examples 
of  British  mines  and  miners. 

The  South  "Wales  coal-field  lies  on  the  northwest  of  the  Bristol  Channd, 
extending  from  St.  Bride's  Bay  in  the  east  to  Pontypool  in  the  west,  a 
distance  of  90  miles,  with  a  maximum  breadth  of  60  miles.  Its  moiin 
breadth  is  less  than  20  miles ;  presenting  a  productive  coal  area  of  from 
1000  to  1600  square  miles.  It  is  divided  longitudinally  by  an  axis 
parallel  to  its  strike,  and  divided  also  into  numerous  intermediate  basins, 
while  the  measures  undulate  both  from  east  to  west,  and  from  north  to  south, 
though  the  representations  of  the  field,  across  the  axis  from  north  to  south, 
are  generally  in  the  form  of  two  immense  basins,  as  portrayed  by  our 
transverse  section  above. 

The  deepest  pai-t  of  the  field  is  supposed  to  be  SOOO  feet;  tliat  is,  through 
the  coal  measures  to  the  conglomerate.  The  deptli  of  this  field  has  been 
stated  as  12,000  feet;  but  this  statement  includes  some  of  the  rocks  below 
the  coal,  such  as  the  millstone  grit  and  the  Carboniferons  limestone.  Most 
of  the  mining  has  been  done  by  drifts,  to  the  present  date,  and  but  few 
ahafla  have  been  sunk  to  any  great  deptli. 

Twenty-three  wori^ble  seams  exist  in  the  principal  basins,  averaging 
altogether  92  feet  of  coal:  of  these,  12  are  from  3  to  9  feet  in  tivlckuess, 
and  11  from  18  inches  to  3  feet.  Besides  tliese,  there  are  numerous  smaller 
seams  from  6  in.^hes  to  18  inches  thick. 

On  the  north  side  of  the  field  the  coal  is  antliracite  in  character,  and 
resembles  the  anthracites  of  Pennsylvania,  though  generally  containing 
more  hydrogen  or  volatile  matter ;  on  the  east,  or  northeast,  the  coal  is 
Romi-bitumiiious,  and  is  used  extensively,  both  raw  and  coked,  in  the 
blast-furnaoes  of  the  region. 

On  the  south  side  the  coal  is  of  a  bituminous  character.  The  change 
from  anthracite  to  semi-bituminous  and  bituminous  is  gradual,  and  much 
the  same  in  its  metamorphic  phases  as  we  find  existing  in  the  coal-fields  of 
Pennsylvania.  As  a  pure  anthracite  it  is  used  raw,  but  with  hot  bla.st  in 
tJie  fiirnace;  but  as  a  semi-anthi'acite  it  can  be  used  raw  with  cold  blast; 
and  it  is  stated  that  the  best  pig-iron  made  with  mineral  fuel  in  Wales  is 
produced  with  raw  anthracite  and  cold  blast.  As  a  semi-bituminous  coal, 
it  is  coked  generally  before  use  in  the  furnace,  but  even  this  coal  is 
frequently  mixed,  both  raw  and  "coked  anthracite"  being  used  in  the 
furnace  together. 

There  are  16  thin  seams  of  iron-stone  interstratified  with  the  coal; 
the  general  yield  of  this  ore  is  not  over  30  per  cent,  of  laetaX  in  the 
furnace;  but  being  carefully  calcined,  and  both  coal  and  ore  being  pro- 
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duced  on  the  spot,  at  low  prices,  iron  can  be  manufectured  as  cheap  at  the 
Great  Dowlias,  or  Merthyr  Works,  as  in  any  part  of  the  world. 

The  iron-masters  of  Wales  discover,  however,  that  a  certain  percentt^ 
of  the  richer  ores,  even  at  a  much  higher  cost,  not  only  improves  the  moke, 
but  reduces  the  genei-al  cost. 

The  coal  production  of  South  Wales  in  1854  was  8,550,270  tons:  of 
this  amount,  only  1,000,000  tons  were  anthracite, — the  total  being  the 
products  of  245  collieries. 

The  analysis  of  South  Wales  coal  shows  a  larger  amount  of  bitumpn 
than  coals  of  the  same  name  in  Pennsylvania. 


Carbon. 

Volatile 

Ashes. 

75.00 
79.00 
82,00 
89.85 
91.50 
94.05 
95.00 
90.00 

22.50 
14.00 
14.50 
8.65 
7.60 
3.38 
2.50 
7.00 

'1                              11 

Ecd  Ash 

3.00 

We  do  not  con^^idcr,  however,  that  much  dependence  can  be  placed  on 
such  analytical  tables  as  we  possess;  they  are  generally  compiled  from  a 
variety  of  sources,  and  are,  therefore,  not  entitled  to  credence.  The  Eng- 
lish and  French  chemists  always  produce  a  closer  analysis  than  oui'a  have 
done,  as  a  rule.  The  coals  tested  by  Clemson,  Johnson,  Jackson,  and  other 
American  chemists,  always  produce,  as  a  result,  from  2  to  10  per  cent, 
more  residue  than  the  same  coals  when  analyzed  by  Muahet  or  Berthiei'. 
There  is,  also,  much  difference  in  the  results  obtained  by  individuals. 
The  same  samples  of  coal,  analyzed  by  three  or  four  different  persons, 
would  show  widely  different  results.  Therefore,  unless  ive  have  a  series 
of  analytical  t^ta  by  one  competent  person,  but  little  depeudence  can  bo 
placed  on  our  tables  of  the  constituents  of  coal  for  practical  purposes. 


NORTH  STAFPORDSHIEE  COAL-FIELD. 

This  is  a  comparatively  small  midland  coal-field,  containing  from 
40,000  to  50,000  acres  of  coal  area,  and  is  distinguished  from  other  basins 
in  the  district  as  "the  Potteries." 

We  notice  it  particularly  on  account  of  its  supply  of  iron  ores  and  fire- 
clays in  connection  with  the  coal-seams. 

The  basin  is  2925  feet  deep  on  the  west  side,  and  5500  feet  on  the  east 
side;  it  is  covered  by  the  new  red  sandstone  in  its  central  portions,  which, 
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however,  has  not  been  developedj  and  the  aiwi  not  included  in  the  above 
estimate.  The  aggregate  or  maximum  thickness  of  the  coal  is  168  feet, 
and  its  average  thickness,  if  distiibuted  over  the  entire  area,  32  feet.  The 
maximum  thickneaa  of  iron-stone  is  23J  feet,  and  aggregate  5  feet. 

The  coal  is  distributed  in  45  seams  from  2  to  10  feet  thick,  and  8  seams 
from  6  inches  to  18  inches  thick. 


Burnviood  Saam. 

I 
Carbonaceous  and  argillacoous,  nodular 


10 

0 

Bassfi/  Mine. 

Feet. 

Inobe 

Fire-clay,  indefinite 

0 

0 

There  are  several  seams  bearing  iron-stone  as 
the  roof,  besides  those  illustrated  above,  though 
generally  smaller.  It  will  be  noticed,  by  those 
who  are  familiar  with  such  matters,  that  this  com- 
bination of  coal  and  iron  is  eminently  available  for 
mining  operations;  and  the  consequent  result  is 
here  practically  manifest  in  the  numerous  successful  furnaces  which  are  in 
blast.  The  amount  of  iron-stone  available  in  this  district  alone  is 
enormous, — enough  to  supply  the  vast  demand  of  the  British  manufac- 
turers for  50  years. 

The  ore  is  peculiarly  rich,  producing  double  the  yield  of  the  Welsh  ores. 
The  average  yield  of  metal  in  the  furnace  is  over  50  per  cent.,  while 
the  best  calcined  carbonaceous  will  yield  from  60  to  70;  it  is  much  used 
by  puddlers  to  line  their  furnaces,  and  is  there  known  as  "puddle-mine." 
There  is  also  a  small  scam  of  calcareous  ore  in  the  Carboniferous  lime- 
stone, which  is  used  in  the  ihmace  as  a  flux. 

In  1853-4  there  were  20  furnaces  in  blast  and  5  in  course  of  erection, 
&G.  The  production  was  100,000  tons  of  pig-iron  per  annum.  The  coals 
on  the  east  side  of  the  basin  are  used  raw  in  the  furnaces,  being  iree-bum- 
ing  and  not  liable  to  cahe,  while  the  coals  of  the  west  side  are  coked  before 
used.  The  amount  of  coal  consumed  to  the  tou  of  pig-iron  produced  is  3 
tons  14  cwt. 
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The  primitive  mode  of  raining  was  pursued  to  a  late  period,  compara- 
tiveiy,  in  tiiis  district :  tlie  "  post  and  stall,"  or  "  punch  and  thirl,"  was  a 
fevorite  system  with  the  old  miners;  but  the  cost  of  mining  and  the  loss  of 
coal  in  pillars  forced  improvements  on  them.  By  the  old  mode  of  mining, 
with  coaves,  water-buckets,  &c.,  the  cost  of  deiivering  coal  on  the  bai^ 
was  about  7s,  6d.  per  ton.  By  the  recently  adopted  improvements  and  the 
general  introduction  of  the  "  long  wall"  system  of  mining,  the  cost  has 
been  reduced  to  3s.  id.  on  the  bank. 

North  StaiFordshire  is  the  gi-eat  metropolis  of  the  earthenware  manu- 
iacturers,  owing  to  the  presence  of  immense  beds  of  fire  and  potter's  clay. 
Some  of  these  beds  are  45  feet  thick,  and  of  a  fine-grained  or  impalpable 
texture.  60,000  tons  of  fire-clay  are  used  annually  for  the  "  saggers"  in 
which  the  ware  is  baked,  and  800,000  tons  of  coal  consumed  in  the  opera- 
tions at  the  potteries.  The  value  of  the  goods  produced  is  nearly 
$20,000,000  annually. 

About  2,000,000  tons  of  coal  is  mined  per  annum  in  this  disti-ict,  mostly 
for  home  consumption,  and  500,000  tons  of  iron-stone,  of  which  about 
one-fourth  is  shipped  to  manufeeturers  outside  of  the  distiict. 


OTHER  FOREIGN  COAL-FIELDS. 
We  would  like  to  extend  this  chapter  with  a  notice  of  the  large  seama 
of  South  Staffordshire ;  but  the  space  already  devoted  to  the  British  coal- 
fields admonishes  us  that  we  must  come  to  a  close.  The  table  given  in  the 
commencement  of  this  chapter  gives  the  area  of  coal  formation,  amount  of 
coal  in  each  field,  number  of  seams,  and  maximum  thickness  of  the  largest 
seams ;  while  in  a  previous  chapter  we  gave  the  total  production  of  the 
British  coal-fields  and  the  production  of  each  field  and  district.  A  more 
lengthy  and  impartial  description  can  scarcely  be  expected  in  a  work  de- 
voted to  American  resources;  and  we  here  wish  to  be  absolved  from  any 
charge  of  impartiality  in  the  selections  we  have  made,  or  the  disappointment 
they  may  cause  to  a  few  of  our  readers  who  feel  more  interest  in  the  great 
and  valuable  coal-fields  of  Scotland  or  the  undeveloped  coal-beds  of  Ire- 
land, than  in  the  productions  of  Newcastle  or  "Wales. 


COALS  AND  COAL-FIELDS  OF  FRAXCE. 
There  are  62  coal-fields  in  Trance,  but  some  of  them  are  extremely 
limited  and  unproductive.  The  area  of  her  productive  coal-fields  is 
920  square  miles,  existing  in  45  departments,  and  producing,  in  1852, 
4,934,196  tons  of  coal  from  about  500  collieries.  The  largest  basins  are 
those  of  the  Loire,  which  produced  1,639,183  tons  of  the  above  amount, 
and  the  Nord,  or  Va]encieDnes,-r^  continuation  of  the  Belgian  coal-field, 
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— which  produced  1,072,845  tons.  The  area  of  the  first  ia  about  50,000 
acres,  and  of  the  second  ibout  ^50  000  icre^ 

There  are  134  work  !1  1  &m  tl 
department  of  Nord.  B  t  f  f  th  m  a 
in  thickness ;  most  of  th  m  ir  2  f  t 
basins  of  the  Loire  the  se  m  a  n  nu  nl 
trict  of  the  Eive-de-G  a  b  t  th  w 
nes3  of  32  feet ;  but  in  nt-Et  n  hbt 
total  thickness  of  114  t    t     tl  n     1  ar        1  [    t  to  greater 

variation ;  they  chang  udd  nly  an  1  f  qu  ntl)  f  n  6  10  f  1 1  60  or 
90  feet,  and  viee  vt  a  In  th  d  t  ts  m  fa  ma  kably 
tliin  character  are  wo  ked  In  th  1  p  tm  nt  t  th  IS  1  th  12  beds 
of  Aniche  are  only  22  fet,t  thick,  and  at  Denin  4  seams  have  only  7^  feet 
of  coal  in  the  aggregate.  But  in  the  basins  of  Creuse  and  Blanzy,  de- 
partment of  Saone  et  Loire,  tlie  thickness  of  the  seams  or  beds  is  often 
enormous,  and  fiic  greater  than  the  expansions  of  our  Mammoth,  but  more 
limited  in  extent  of  area.  One  of  those  large  seams  has  a  mean  tliick- 
ness  of  40  feet,  a  nmximum  thickness  of  from  180  to  230  feet,  and  a 
prolongation  on  the  suriacc  of  about  2000  feet.  This  great  bed  at  Mont- 
chanin,  where  it  dips  at  an  angle  of  40  degrees  or  over,  is  230  feet  thick 
at  its  outcrop.     The  depth  of  the  basin  is  about  450  feet. 

Coal  seems  to  have  been  mined  and  used  in  France  as  early  as  1321, 
and  was  imported  from  England  in  1520;  butnottiniil  1787  was  any  large 
amount  of  coal  used  in  that  country.  The  home  production  of  that  year 
was  215,000  tons,  and  importation  214,378  tons,  of  which  154,378  was 
from  England.     For  the  yearly  increase,  see  the  accompanying  table. 

In  1852  there  were  10,192  workmen  employed  in  the  mines  of  the 
Nord, — 1612  above  ground  and  8580  below;  they  produced  1,072,845  tons 
of  coal,  or  105  tons  to  the  liand,  and  their  average  annual  wages  amounted 
to  .£21  9s,  per  head,  or  about  one  hundred  dollars  a  year  to  each  man  and 
boy.  During  the  same  year  the  number  of  men  and  boys  in  the  depart- 
ment of  the  Loire  was  6724,  and  the  amount  of  coal  produced  1,639,183 
tons,  or  244  tons  per  head ;  the  average  wages  per  head  being  £29,  or  less 
than  140  dollars  a  year. 

The  seams  of  the  Nord  are  thin,  as  we  have  described,  while  those  of  the 
Noire  are  thick,  which  accounts  for  the  great  difference  in  production  per 
head.  The  whole  production  of  France,  however,  may  be  estimated  between 
those  extremes,  though  generally  the  production  per  head  is  nearer  the 
lower  than  the  higher  figures,  but  the  wages  in  some  cases  are  from  16  to 
20  English  pounds  sterling  per  annum. 
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COAL   AND    COAL-MINES    OF   BELGIUM. 


PRODUCTION  OF  IRON. 
In  1852  there  were  about  75  blast  furnaces  in  operation  in  France, 
which  produced  522,643  tons  of  pig-irou,  at  a  value  of  about  $27,50  per 
ton.  Of  this  amount,  263,340  tons  were  made  with  wood  and  cliarcoal,  at 
a  value  of  about  $30  per  ton,  and  259,303  tons  with  coal  an<l  coke,  at  a 
value  of  about  $25  per  ton.  About  one  ton  of  charcoal  ■was  oou-jumcd  to 
the  ton  of  metal  produced,  and  about  two  tons  of  coal  or  coke. 

Dtu-ing  tlie  same  year  301,803  tons  of  malleable  iron  were  produced,  at 
a  value  of  about  $60  per  ton ;  of  this  amount  64,601  tons  were  made  with 
charcoal  and  237,202  with  coal  and  coke.  The  cost  of  fuel  per  ton  of 
iron  produced  was  about  $30  for  charcoal  and  $10  for  coal  and  coke. 
About  two  tons  of  charcoal  were  used  to  produce  each  ton  of  malleable 
iron,  and  about  three  tons  of  coal  or  coke. 

The  data  for  the  following  tables  are  from  a  statistical  paper  by  T.  Y. 
Halt  in  Vol.  IV.  North  of  England  Institute  of  Mining  Engineers  Trans- 
actions. 

COAL  AND   COAL-MINES   OF   BELGIUM. 

The  Belgian  coal-iieid  is  a  long  and  comparatively  narrow  series  of 

basins,  extending  about  75  miles  from  east  to  west,  and  lying  in  France 

and  Belgium  in  about  equal  proportions^  but  narrower,  and,  consequently, 

longer,  in  the  latter  than  the  former  country. 

The  j^jortion  in  Belgium  is  40  miles  in  extent  from  east  to  west,  and  8 
miles  wide  as  a  mean,  with  an  area  of  326  square  miles  of  productive  coal 
measures. 

The  number  of  developed  seams  is  114;  but  most  of  them  are  thin. 
The  average  is  less  than  two  feet,  and  but  few  are  over  three  feet  in  thick- 
ness. Seams  from  12  to  18  inches  are  considered  workable;  but  the  pro- 
duction is  limited,  considering  the  number  of  workpeople  employed,  in 
comparison  with  the  production  of  the  English  mines.  In  1850  there 
were  408  pits  in  operation,  159  idle,  and  26  sinking;  and  the  number, 
character,  and  wages  of  the  workpeople  were; — 
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The  total  number  of  workpeople  being  47,449,  of  whom  36,430  were 
employed  below  ground,  and  11,519  above;  the  total  production  of  coal 
during  the  same  year  being  5,820,588  tons,  and  the  average  production  to 
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eacli  under-ground  operative  about  160  tons.  The  exports  to  France  in 
1850  were  1,953,190  tons;  but  in  1856  tliey  had  increased  to  3,119,630 
tons,  and  tlie  annual  home  production  increased  in  about  the  same  pro- 
portion. It  is  reported  that  the  production  of  Belgium  for  1864  exceeds 
10,000,000  tons. 

The  first  engine  erected  in  Belgium  was  in  the  Li^ge  district,  as  early  as 
1723,  for  pumping  water.  In  1838  the  hoisting-engines  were  145  in  num- 
ber, with  an  a^regate  of  3881  horse-power;  the  pumping-engines  were 
58  in  number,  with  an  aggregate  of  5279  horse-power.  In  1850  they 
had  increased  to  384  hoisting-engines,  with  an  aggregate  of  11,548 
horse-power,  and  143  pumping-engines,  with  an  aggregate  of  16,081 
horse-power.  The  mining  records  of  the  kingdom  give  the  following 
depths  of  the  chief  collieries  in  Belgium  :— 

47  pits  from  300  to  350  muti'ca*  in  depth. 

26  "       "     350  to  400 

27  "       "     400  to  450  " 

3  "       "     450  to  5110  " 

4  "       "     500  to  550  " 

OTHER   EUROPEAN   COAL-FIELDS. 

There  are  in  Germany  four  prominent  coal  districts  of  the  true  or  Carbo- 
niferous era,  besides  others  in  which  lignite  or  coals  of  a  more  recent 
formation  occur.  The  localities  of  the  true  coals  are  on  the  banks  of  the 
Ehine  in  Westphalia;  on  the  Saar,  a  ti'ibutary  of  the  Moselle,  on  the 
borders  of  France ;  in  Bohemia  and  Silesia. 

The  Saarbruck  coal-field,  in  Khenish  Bavaria,  is  an  extensive  and  valu- 
able basin,  about  1000  square  miles  in  area,  with  103  beds  or  scams  of  coal 
varying  from  18  inches  to  15  feet  in  thickness.  The  Westphalia  coal 
exists  in  a  comparatively  small  basin,  known  as  the  Euhrfort  coal-field. 
Tliose  two  Prussian  coal-fields  produced  in  1850,  2,750,000  tons ;  of  whicli 
781,521  tons  were  consumed  in  Prance,  on  whose  borders  those  basins 
exist. 

In  Austria  several  coal-fields  exist,  but  principally  in  Bohemia,  Silesia, 
and  Hungary.  Of  the  coal-beds  in  Hungary  little  is  known,  and  those 
of  Silesia  are  still  less  developed.  The  quality  is  chiefly  bituminous ;  the 
seams  are  few  in  number,  but  generally  very  thick.  Anthracite  exists  to 
a  limited  extent. 

The  coal-basins  of  Bohemia  are  considered  rich  in  coal,  and  mining  is 
carried  on  to  a  considerable  extent,  chiefly  for  home  consumption.  More 
than  40  seams  of  coal  are  worked ;  while  many  more  are  known  to  exist. 
The  workable  seams  are  generally  from  3  to  6  feet  thick. 

*  A  mttre  is  8.28  feet,  or  a  little  over  3  feet  3  inches. 
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CHAPTER    VIII. 

THE  ANTHRACITE   C0AL-FIBLD3  OF  PEHNSYI^VANIA. 

Anthracite  Coal-Basins — Comparative  Value— Economy  ia  Mining— The  Wjomiog  or 
Northern  Coal-Pield — The  Wjoming  Vallej — Its  History  in  Miniature — Yankees  and 
Pennamites — Massacre  of  Wyoming — General  Topography  of  the  Valley — Estent  of  the 
Coal-Field — Form  and  Features  of  the  Basin — Sections  of  the  Intermediate  Basin — The 
Lackawanna  Rogion^Ca,vlJondale  District — Soranton  District — Pittston  District — Denu- 
dation—Wyoming Region — Wiliieabarre,  Plymouth,  and  Nanticoke  Districts — Baltimore 
Vein,  or  Mo nmoutii— -Grand  Tunnel  Vein,  or  Buck  Mountain— Section  a,t  Nanticoke. 

"Ws  have  now  the  most  interesting  portions  of  our  work  before  us,  and 
to  ourselves  and  our  country  the  most  important.  Perhaps  of  all  mineral 
deposits  tlie  most  valuable  in  this  of  in  any  other  country  is  that  which  we 
propose  to  describe  in  the  following  pages. 

The  area  and  dimensions  of  the  coal-basins  composing  these  anthi'aeite 
lields  of  Pennsylvania  are  comparatively  small,  when  compared  witli  some 
of  the  prominent  coal-fields  of  Europe  which  we  have  just  passed  over, 
and  insignificant  when  compared  with  our  own  great  bituminous  deposits 
west  of  the  Alleghanies.  But  when  we  consider  the  immense  and  popu- 
lous area  depending  on  those  fields  for  its  supply,  and  their  central  loca- 
tion, we  are  led  to  reflect  that  present  availability  is  of  fer  more  value  than 
prospective  developments,  and  particularly  when  those  future  resources  are 
only  susceptible  of  development  through  present  means. 

At  this  period  of  our  country's  history  or  existence,  its  anthracite  coal- 
fields are  invaluable ;  and  were  we  forced  to  decide  at  the  present  moment 
on  the  relative  value  of  the  bituminous  and  anthracite  coals  within  our 
territory,  it  would  undoubtedly  be  in  favor  of  the  470  square  miles  of  the 
one,  against  the  200,000  square  miles  of  the  other ;  not  that  we  would 
undervalue  our  bituminous  coals,  the  immense  and  incalculable  value  of 
which  is  more  a  matter  for  the  future  than  the  present :  yet  it  may  not  be 
a  long  period  before  the  Western  deposits  will  equal  the  production  of  the 
Eastern  basins. 

More  depends  on  the  localities  of  coal-basins  than  on  their  extent.  The 
anthracite  beds  are  in  the  midst  of  a  populous  region,  in  the  vicinity  of 
many  great  and  wealthy  cities,  and  are  surrounded  by  manufacturing 
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eatabiishments,  -whirh  aie  rapidly  growing  and  prosperiDg  on  tbe  wealth 
which  is  de\eloped  aiound  them. 

Twelve  milhona  of  inhabite.nte  derive  their  chief  supply  of  coai  from 
these  fields,  and  will  continue  to  do  so  until  they  are  to  a  great  extent 
exhausted.  But  before  that  time  arrives,  those  12,000,000  of  inhabitants 
■will  have  incieased  to  o\ci  30,000,000,  and  the  present  production  of  coal 
will  increase  perhaps  m  a  double  proportion.  The  area  which  the  coals  of 
Pennsylvania  will  natuially  supply  is  over  300,000  square  miles,  or  more 
than  double  the  area  of  Great  Britain,  which  now  contains  about 
30,000,000  inhabitants  and  produces  nearly  100,000,000  tons  of  coal. 
The  area  which  must  be  supplied  with  anthracite  coal  is  susceptible  of 
sustaining  a  popuhtion  as  dense  as  that  of  Great  Britain,  and  their 
manufacturing  and  commei-cial  pursuits  will  demand  an  equal  amount  of 
coal  per  head.  That  this  demand  must  be  chiefly  supplied  from  the  anthra- 
cite regions  is  evident  from  the  fact  of  proximity  and  the  availability  and 
cheapness  of  the  fuel  produced.  That  much  of  the  semi-bituminous  and 
bituminous  coals  will  he  used  there  can  be  no  doubt ;  but  since  the  anthra- 
cite has  proved  a  superior  fuel  for  most  purposes,  and  as  it  can  be  mined 
with  equal  facility  or  expense,  it  is  not  probable  that  the  distant  bitumi- 
nous will  be  used  while  the  present  anthracite  lasts. 

At  present,  we  do  not  value  our  anthracite  lands  at  a  fi-action  of  their 
real  worth;  but  the  time  will  come  when  they  will  be  held  as  a  monopoly, 
and  their  fortunate  owners  will  derive  revenues  from  rents  that  might  now 
be  considered  visionary  oven  to  name.  Coal  lands  sell  now  in  the  anthra- 
cite regions  from  $150  to  $1000  per  acre.  The  same  lands  will  not  be 
bought,  twenty  years  hence,  for  five  hundred  per  cent,  addition.  The  coai 
lands  of  England,  in  the  older  or  more  developed  regions,  command  from 
$5000  to  $7000  per  acre,  but  they  seldom  change  hands.  Yet  the  rents 
paid  by  the  muiers  or  operators  there,  when  they  lease  from  the  pro- 
prietors, do  not  exceed  12  or  15  cents  per  ton.  There,  35  feet  of  coal  is 
all  Uiat  is  credited  as  workable  or  available  for  pi'esent  use ;  here,  60  feet 
of  coal  is  the  average,  and  from  25  to  50  cents  per  ton  is  demanded. 
There,  750  square  miles  of  area  produce  21,000,000  tons  of  coal  per 
annum,  with  but  little  prospect  of  a  much  greater  increase;  here,  470 
square  miles  of  area  produce  10,000,000  tons  annually,  with  a  positive 
cectaintv  of  a  rapid  and  vast  increase.  It  therefore  takes  but  little  calcu- 
lation to  estimata  the  relative  value  of  coal  lands  in  the  anthracite  regions 
of  Pennsylvania,  or  the  bituminous  districts  of  the  Great  Northern  coal- 
fields of  England, — particularly  when  this  is  a  monopoly  beyond  com- 
petition from  other  fields;  while  that  is  in  active  competition  with 
numerous  surrounding  coal-fields,  where  eoal  equally  good  and  equally 
cheap  is  produced  in  abundance. 

We  have  not  chosen,  perhaps,  tbe  best  words,  or  the  most  striking 
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examples,  to  demonstrate  the  value  of  our  coal  deposits;  but  that  is  a 
small  matter  in  comparison  with  the  degree  of  economy  with  wiiich  we 
should  preserve  and  utilize  the  invaluable  stores  of  mineral  wealth  which 
those  fields  contain. 

"We  have  noticed  that  all  our  old  or  primitive  miners  did  their  work  in 
a  primitive  manner;  that  in  all  new  regions  where  coal  is  plentiful,  the 
easiest  way  is  always  the  first  way,  though  it  may  be  the  most  expensive 
in  the  end. 

For  many  years,  in  the  early  development  of  the  English  mines,  the 
waste  or  loss  of  coal  in  refuse,  pillars,  and  "lost  mine,"  was  eq^ual  to  our 
present  enormous  waste, — say  50  per  cent.  But  improvement,  care,  and 
economy  have  reduced  the  50  per  cent,  to  from  10  to  15  per  cent,  in  the 
English  mines. 

Such  a  consummation  is  most  desirable  here,  and,  we  think,  attainable 
under  a  proper  system  of  mining, — ultimately  attended  with  far  greater 
economy  thau  our  present  system,  though,  perhaps,  more  expensive  to 
establish. 

Our  present  production  of  merchantable  coal  is  over  10,000,000  tons, 
but  the  present  annual  drain  on  our  resources  is  over  15,000,000  tons. 
Our  loss  is  now  5,000,000  tons  annually.  But  we  may  not  loo!?:  far  in 
advance  to  see  those  figures  doubled;  and  our  dead  loss  will  then  begin  tu 
be  noticed  and  appreciated. 

If  we  estimate  the  dead  loss  at  20  per  cent,  under  such  a  system  as 
might  be  inaugurated,  instead  of  50  per  cent,  as  now  sufiered,  the  saving 
to  individuals,  community,  and  country  would  be  great. 

It  would  cause  a  direct  gain  of  6,000,000  tons  per  annum  on  a  pi-o- 
duction  of  20,000,000,  and  might  be  obtained  without  one  cent  of 
additional  cost  per  ton  to  the  miner  or  operator,  except  in  rents  to  the 
landed  proprietors.  This,  we  presume,  they  would  appreciate,  if  our 
miners  should  not;  but  they,  too,  would  find  this  economy  profitable. 
Instead  of  a  "lift"  lasting  10  years  under  a  waste  of  50  per  cent.,  it 
would  last  13  years  under  a  waste  of  only  20  per  cent.,  and  1,300,000  tons 
of  coal  would  be  obtained  instead  of  1,000,000;  while  the  cost  of  pumping, 
raising,  superintendence,  &c.  would  be  about  the  same. 

In  that  portion  of  this  work  devoted  to  the  Economy  of  Mining,  all  the 
information  attainable  on  this  subject  will  be  found;  and  we  hope  to 
demonstrate  the  practicability  of  saving  a  larger  percentage  of  our  present 
enormous  waste  than  here  intimated. 

In  describing  the  respective  coal-fields  of  the  anthracite  regions,  we 
shall  follow  the  plan  adopted  in  the  preceding  pages,  and  commence  with 
Wyoming.  Its  early  history,  magnificent  extent,  fame,  and  natural  beauty, 
all   conspire   to   give  this   rich   and   lovely  valley  pre-eminence   in   an 
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historical  point  of  view;  while  its  eoal-tradc  and  mineral  resources  placa 
it  first  among  the  anthraeite  fields. 

We  must  here  object  to  a  misnomer  which  has  lately  been  growing  into 
use  by  writers  and  the  public  generally.  We  notice  tlie  "  Great  Northern 
or  Wyoming  coal-field"  mentioned  as  the  "  Lacka\*famia  eoal-fleld"  in  two 
late  publications ;  one  being  an  elaborate  paper  publisiied  in  the  Transactions 
of  the  North  of  England  Institute  of  Mining  Engineers  for  1864,  and  the 
other  a  Hand-Eook  of  the  New  Jersey  Central  Railroad,  published  in  a 
neat  and  handsome  style  by  the  Messrs.  Hai'per.  The  Laeka\-vanna  district 
or  r^on  is  simply  one  end  or  portion  of  the  field,  as  a  glance  at  any  nmj) 
of  the  anthracite  coal-fields  will  show.  It  is  important  on  account  of  its 
greater  development  and  production,  but  the  larger  portion  of  the  coal  lies 
in  the  Wyoming  Valley  proper. 

It  LS  a  singular  distinction  which  names  the  lower  end  of  this  great  coal- 
field, or  valley,  Newport,  and  the  upper  end  Lackawanna,  since  there  is 
no  termination  to  the  great  mountain-ranges  forming  alike  tlie  valley  and 
the  coal-basin,  from  the  extremity  of  Newport  to  the  end  of  tlio  Lacl^a- 
wanna;  and  when  we  speak  of  the  valley,  generally,  we  call  it  tlie 
Wyoming  Valley.  We  therefore  object  to  this  misnomer,  which  rejects  a 
proper  name,  old  and  honored,  for  the  name  of  a  simple  district  which  has 
no  application  to  the  coal-field  generally. 


THE  Y/YOMING  VALLEY, 

We  cannot  fiilrly  introduce  this  interesting  coal-iield  to  our  readers 
without  giving  a  brief  resum^  of  the  eventful  and  romantic  history  of  tlie 
Wyoming  Valley. 

When  the  white  man  first  visited  this  paradise  of  the  Indian  hunter,  the 
Delawares  held  sway  over  the  region,  though  under  subjection  to  the  more 
powerful  Iroquois.  Had  it  not  been  for  the  petty  irvars  which  constantly 
imbrued  the  hatchet  of  tlie  aborigines,  and  made  warriors  of  those  children 
of  the  forest,  Wyoming  might  have  been  almost  an  Eden  to  the  red  men. 

No  river  ever  abounded  with  finer  fish  than  those  which  stocked  the 
Susquehanna,  and  no  forest  ever  afforded  the  hunter  finer  game  than  the 
mountains  of  Wyoming;  while  the  "great  plains"  returned  abundant 
harvests  to  the  labor  of  the  squaws. 

But  this  fruitful  and  delightful  vale  was  ever  a  cofeted  possession. 
First  the  wild  Indian  disputed  the  prize  in  a  hundred  battles,  and  snb- 
eequently  the  white  men,  in  spite  of  king  or  council,  struggled  long  and 
desperately  with  each  other  for  this  gem  among  tlie  mountains  of  the 
"  West." 

The  Nanticokes  have  left  their  fame  engraven  on  the  rocks  of  their 
country,  as  imperishable  as  the  land  itself,  and  the  Shawnees  have  their 
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monument  in  the  mountain  which  bears  tlieir  name,  while  the  noble  Dela- 
wares — the  Leni-Lenape — leave  their  legends  with  stream  and  vale  and 
hill.  But  still  farther,  in  tiie  remote  past,  beforfe  the  existence  of  the  red 
man's  traditional  history,  Wyoming  was  peopled  by  superior  races,  who 
left  behind  them  mounds  and  walls  and  the  relics  of  a  civilization  which 
the  savages  never  po^essed.  The  same  race  existed  here  which  have  left 
their  mystei'ious  story  in  the  unriddled  mounds  of  the  West, — a  people 
more  civilized  and  conversant  ^vith  the  arts  and  mechanical  skill  than  our 
painted  ancestors  of  Britain,  or  many  of  the  semi-civilized  nations  of  to- 
day. 

TIIE   PESNA5IITE   WAR. 

A  word  now  in  relation  to  the  feuds  and  wars  of  the  white  man  for  the 
possession  of  Wyoming,  On  the  3d  of  November,  1620,  James  I.  of 
England  granted  to  the  "  Plymouth  Company"  all  the  territory  lying 
between  the  fortieth  and  forfy^sixth  degrees  of  north  latitude,  and  from  the 
Atlantic  to  the  Pacific  Ocean.  The  charter  of  the  State  of  Connecticut  was 
derived  from  this  Plymouth  Company,  It  covered  all  the  land  west  of 
Connecticut,  one  degree  in  breadth,  from  "sea  to  sea,"  and  consequently 
included  a  large  portion  of  Pennsylvania,  and  particularly  the  Wyoming 
Valley. 

About  fifty  years  after  this  event,  the  British  crown  granted  to  William 
Penn  the  province  of  Pennsylvania,  and,  singularly  enough,  one  degree  of 
latitude  from  the  second  east  to  the  fourth  degree  west  longitude,  or  au 
area  of  one  degree  of  latitude  and  six  of  longitude,  lay  within  the  Con- 
necticut or  Plymouth  grant. 

Both  parties  subsequently  bought  the  land  from  the  aborigines, — M'il- 
liara  Penn  from  the  Dolawares,  who  were  in  possession  by  sufferance  from 
their  conquerors,  the  Six  Nations,  and  the  "Susquehanna  Company,'"' 
formed  for  the  purpose  of  settling  the  AYyoming  Valley,  from  the  Six 
Nations  themselves.  Penn  afterwards  bought  it  again  from  the  Six 
Nations. 

As  early  as  1750  a  few  daring  advcntureJ^  from  New  England  had  pene- 
trated the  then  western  wilds  as  far  as  the  mountains  of  the  Susquelianua, 
and  saw  for  the  first  time  the  lovely  Valley  of  Wyoming,  the  most  beauti- 
ful landscape  the  eye  can  behold. 

When  the  adventurers  returned  to  the  rocky  hills  of  Connecticut,  they 
told  the  most  wonderful  tales  of  a  "  paradise"  which  lay  among  the  Western 
mountains.  Others,  doubting,  went  to  behold  the  scene  for  themselves, 
and  came  back  with  excited  imaginations  and  glowing  descriptions,  which 
more  than  confirmed  the  reports  of  the  first. 

"The  Susquehanna  Company"  was  then  formed  in  New  England  for 
the  settlement  of  the  land  in  Wyoming;  the  land  was  bought  from. the 


ci  by  Google 


160  THE   ANTHRACITE    COAL-FIELDS    Oi'   PENNSYLVANIA. 

Indians,  and  in  1762  about  two  hundred  of  tlie  company  removed  to  the 
vailey;  but  late  in  the  same  year  they  were  surprised  by  tJie  Indians,  and 
about  20  of  their  numfcer  massacred;  the  remainder  fled,  nalced  and 
hungry,  through  the  inhospitable  mountoina  to  their  former  homes, 

A  few  of  the  more  daring  and  hardy  settlers  returned  to  the  valley;  but 
not  uiitil  1769  did  any  of  the  company  return.  By  this  time  the  valley 
had  been  taken  possession  of  by  the  proprietors  of  Pennsylvania,  and  now 
ensued  a  long  series  of  petty  wars  between  the  "  Yankees"  and  the  "  Penn- 
amit«8."  Each  laid  claim  to  the  valley,  and  both  parties  sti'Uggled  for  its 
possession  with  equal  determination.  From  this  period  until  the  com- 
mencement of  the  Revolutionary  War  this  civil  strife  raged,  with  varied 
success,  but  with  much  suffering,  bloodshed,  and  intrigue.  Three  times 
were  the  Yankees  dispossessed,  and  driven,  destitute,  over  the  mountains, 
back  to  New  England ;  but  as  often  did  they  return  to  repossess  tlie  fields 
which  they  valued  so  highly,  and  the  vale  which  had  so  many  cliarms  and 
claims  on  their  affections. 

This  strife  between  the  "freeholders"  of  Connecticut  and  the  great  Penn- 
sylvania land-monopoly,  which  was  unpopular  even  in  Pennsylvania, 
because  they  tried  to  inaugurate  a  "tenantry"  or  feudal  system  similar  to 
the  English,  was  not  a  mere  question  of  titles  or  boundaries,  or  a  simple 
ease  of  ejectment  between  landlord  and  tenant,  Wyoming  was  tho  battle- 
field where  the  question  was  settled  that  the  people  of  Pennsylvani;i 
should  bo  freeholders,  instead  of  mere  serfs,  or  tenants;  and  in  this  strife, 
which  was  fought  between  the  "  Yankees,"  as  they  were  called,  and  the 
landed  proprietors,  the  former  had  all  the  sympathy  of  the  Pennsjdvania 
tenantry,  while  the  latter  became  hated  and  were  forced  to  abandon  tho 
tenantry  system,  and  sell  their  lands  to  freeholders  in  fee-simple,  instea<l 
of  pursuing  a  system  of  leasee  or  life-reufs.* 

The  Revolutionary  War  for  a  time  suspended  hostilities  between  the 
freeholders  and  the  proprietaries ;  but  before  it  was  feirly  over  the  proprie- 
taries returned  to  the  attack,  and  the  hardships  and  sufferings  of  the 
settlers  were  less  endurable  under  their  remorseless  avarice  than  under  the 
barbarous  cruelty  of  the  tories  and  Indians  during  the  dark  hours  of  the 
War  of  Independence.  We  cannot  follow  the  events;  but  at  last  the 
indignation  of  the  people  of  Pennsylvania  was  aroused  against  the  pro- 
prietors and  their  treatment  of  the  Wyoming  settlers,  who  had  so  manfully 
fought  side  by  side  with  themselves  for  liberty,  while  oppressed  by  a 
monopoly  which  threatened  their  lands  and  homes ;  and  the  result  was  that 
the  legislative  Assembly  of  Pennsylvania,  in  1784,  "ordered  that  the 
settlers  be  restored  to  their  r 


*  Rev.  George  Peek's  History  of  Wjoniing. 
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THE   MASSACHE   OF  WTOMING, 

In  the  year  1778,  when  most  of  the  able  boJiel    r  ^ounjj;  men  of  the 
valley  were  with  Washington   in  the  Continental   -unn,  a  det-cent  waa 
made  by  the  toriea   and  Indians  from  Sir 
John   Johnson's   department   in   the   noith,  ^'^     ' 

under  Col.  John  or  "  Indian  Bntler,"  ou  the 
defenceless  inhabitants  of  Wyoming. 

The  force  consisted  of  abont  400  Biiti'-h 
provincials  (mostly  tories)  and  600  Indian^ 
They  came  suddenly  into  the  head  of  the 
valley  about  the  30th  of  June,  and  captuiel 
Eort  "Wintermoot  and  Fort  Jenkins  without 
opposition.  But  the  people  of  the  lower  part 
gathered  hastily  into  "  Forty-Fort,"  and  those 
who  were  able  to  bear  arms  immediately  pie- 
pared  to  defend  themselves  and  their  femi- 
lies.  About  three  hundred  men  and  boys 
were  under  arms,  and  divided  into  six  com 
panies,  under  the  command  of  Col.  Zebulon 
Butler,  a  brave  Continental  officer.     Instead 

of  awaiting  the  attack  of  the  enemy  behind  such  defences  as  they  had 
constructed  or  might  construct,  it  was  determined,  against  the  advice  of  Col. 
Z.  Butler,  to  advance  immediately  against  the  foe.  Accordingly  on  the  3d  of 
July  these  300  raw  militia  advanced  against  1000  well-armed  soldiers  and 
experienced  warriors  on  the  open  field.  At  first  the  British  line  gave  way 
before  the  firm  and  steady  advance  of  the  yeomen  of  Wyoming ;  and  had 
Indian  Butler  had  no  more  than  his  400  tories,  he  would  have  been  put  to 
disastrous  rout.  But  the  Indians  fought  from  stump  and  tree,  and  flanked 
the  American  left  so  far  that  it  became  necessary  to  stop  the  advance,  and 
form  the  face  of  the  left  flank  against  the  flanking  Indians  and  at  right 
angles  to  the  msiin  line.  In  attempting  this  manoeuvre,  the  militia  became 
confused,  and  the  red  ^vai-riors  rushed  on  them  in  ovei-whelming  numbers, 
and  thus  the  day  was  lost.  About  160  of  the  Connecticut  people  were 
killed  in  battle,  and  about  40  more  were  murdered  after  surrender  or  whilst 
being  pursued.  Indian  Butler  reported  that  he  had  taken  227  scalps  and 
only  5  prisoners.  On  the  surrender  of  the  fort  the  following  day,  with  the 
remnant  of  the  patriot  band,  it  was  stipulated  that  "the  citizens  should 
occupy  their  farms  peaceably,  and  that  tlieir  lives  and  property  should  be 
preserved."  But  the  Indian  alli^  of  the  British  could  not  be  restrainei.1, 
or  Indian  Butler  did  not  try  to  restrain  them,  and  the  result  was  that 
murder  and  robbery  held  high  and  diabolical  sway  while  means  were  left 
to  gi-atify  savage  propensities. 
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The  inhabitenta  fled,  and  the  valley  was  again  deserted  and  silent, — loft 
to  tlie  torch  of  the  red  demons;  and  only  late  in  the  fall  did  the  settlers 
dare  to  return  to  bury  the  remains  of  their  brave  comrades  who  fell. 

Forty-Fort  vma  about  three  miles  from  Kingston,  and  the  battle-ground, 
where  the  monument  now  stands,  near  the  village  of  Troy,  about  five  miles 
from  Kingston. 

Many  of  the  early  newspaper  stories  of  tliis  bloody  affair — bad  a.s  it 
really  was,  and  deserving  of  condemnation  for  all  time — are  mere  fiibriea- 
tions,  or  the  wild  reports  of  frightened  and  distempered  minds.  There 
was  no  indiscriminate  massaore  of  women  and  ehiidron  after  the  suiTcndcr, 
or  cold-blooded  slaughter  of  captive  soldiers.  All  the  soldiers  wlio  sur- 
vived the  battle  and  pursuit  found  their  way  out  of  the  valley,  and  most 
of  the  women  and  children  were  allowed  to  escape.  A  few  who  lingered 
near  their  homes  were  killed  and  scalped,  and  the  homesteads  of  the 
settlers  were  generally  given  to  tlie  toi-eh,  and  all  their  horses,  cattle,  and 
movable  property  were  carried  off  as  plunder. 

But  the  savages  paid  dearly  for  their  short-lived  triumph.  During  the 
following  year.  Gen.  Sullivan  passed  through  their  villages  like  an 
avenging  angel,  destroying,  mth  fire  and  sword,  warrior  and  wigwam, 
corn-field  and  council  lodge.  For  a  full  month  an  army  of  4000  men 
were  busy  in  accomplishing  the  destrnction,  and  from  AVyahising  to  the 
Seneca  and  Cayuga  Lakes  every  hut  and  wigwam  was  given  to  the  fianies. 
At  one  Indian  town,  fifteen  hundred  peach-trees,  bending  under  their  lop.d 
of  ripening  fruit,  were  hewn  down  by  the  fell  axe  of  the  destroyer.  l>id 
the  Indian  traditions  and  misfortunes  live  in  history  in  comparison  with 
ours,  it  is  a  question  on  which  side  would  lie  the  heaviest  account.  But 
this  does  not  justify  the  actions  of  a  Christian  nation,  who  paid  the  blood- 
thirsty savage,  ever  burning  for  revenge,  a  price  for  white  scalps  indis- 
criminately,— whether  talten  from  the  yeoman  in  battle  or  from  the 
innocent  occupants  of  some  peaceful  cabin  in  the  dead  of  night. 

GENERAL  TOPOGRAPHT  OF  THE  VALLEY. 

From  Prospect  Rock,  overlooking  the  valley  from  the  rear  of  ATilkcs- 
barrc,  a  fine  view  is  presented.  The  plains  and  hills  on  each  side  of  the 
river  spi'ead  out  like  a  picture  below,  dotted  with  town  and  village,  colliery 
and  farm;  diversified  with  grove  and  homestead,  swelling  hills  and  gentle 
dales,  and  animated  by  the  moving  panorama  of  a  busy  multitude.  Here 
now  rushes  the  iron  horse  along  his  shining  track;  there  creep  the  boat- 
men along  their  silvery  path ;  and  on  every  side  arises  the  steam  of  the 
laboring  engines  which  draw  from  beneath  those  attractive  scenes  the 
hidden  wealth  which  makes  "Wyoming,  perhaps,  the  richest  valley  under 
the  sun. 
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^  The  scene  from  Prospect  Eock  is  given  iu  a  former  chapter,  in  connec- 
tion witJi  our  account  of  the  dmcovery  aud  use  of  coal  iu  the  valley. 
Below  we  give  a  view  of  Campbell's  Ledge,  opposite  Pittston,  which 
not  only  commands  a  fine  prospect  both  down  the  galley  propn  and  up 
the  Laclta^ranna,  but  is  in  itself  a  picturesque  ob]ect,  and  oAlis  i  ^ood 
exposition  of  the  formation  of  the  rocks  underl>in^  the  coal  mcisuics 


At  the  foot  of  Campbell's  Ledge,  the  Susquehanna  breaks  through  the 
huge  Shawnee  Mouutain  from  the  north,  and  glides  gracefully,  with  a 
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sweeping  curve,  into  the  vailey.  Here  it  is  met  by  tlie  tawny  waters  of 
the  Lackawannaj  which — pretentious  stream  as  it  is — scarcely  swells  the 
volume  of  the  noble  river.  From  this  point  the  Susquehanna  meanders 
lingeringly  down  the  vale  to  Nanticoke,  some  18  miles  from  where  it 
enters;  and  here  it  leaves  the  valley  again,  breaking  through  the  mountain 
barrier  on  the  same  side  it  entered. 

From  Nanticoke  the  river  runis  parallel  with  the  coal-field,  a  short 
distance  to  the  right,  and  in  the  soft  red  shales  underlying  the  con- 
glomerate, some  nine  miles,  to  Shickshenny,  and  here  again,  for  the  last 
time,  crosses  the  extremity  of  the  coal-field.  But  here  the  outcropping 
coai,  which  lie  over  a  thousand  feet  below  the  bed  of  the  river  at  Nanti- 
coke, is  two  hundred  feet  above  it. 

The  Lackawanna  comes  down  from  the  east  through  the  upper  portion 
of  the  coal-field  and  joins  the  Susquehanna  at  Pittston,  or  the  foot  of 
Campbell's  Ledge,  as  mentioned  above, — traversing  a  distance  of  about 
25  miles. 

The  mountains  enclosing  the  great  valley,  or  basin,  are  parallel  for  a 
distance  of  50  miles,  and  distant,  from  crest  to  crest,  about  four  miles;  but 
at  each  extremity  they  meet  or  terminate.  On  the  northern  side  runs  the 
Shawnee  range,  and  on  the  south  is  the  Wyoming  Mountain :  the  Wyoming 
Valley,  therefore,  is  the  proper  name  for  the  entire  basin.  The  Jjaeka- 
wauna  seems  to  be  a  misnomer  as  a  general  cognomen,  -though  locally 
applicable  as  the  bed  of  the  stream ;  while  the  use  of  Lackawanna  instead 
of  Wyoming,  as  a  distinctive  name  for  the  northern  anthracite  coal-field, 
is  unwarrantable. 


THE   THIRD,   NORTHERN,  OR  WYOMma  ANTHRACITE   COAL-FIELD. 

This  is  the  largest  of  the  anthracite  basins  of  Pennsylvania.  The  latest 
and,  we  think,  the  most  reliable  computation  gives  it  an  area  of  198  square 
miles,  or  126,720  acres.  Its  length  is  over  50  miles  from  a  point  opposite 
Beach  Grove,  which  is  a  short  distance  below  Shiclishenny,  to  a  point  some 
five  or  six  miles  east  or  northeast  of  Carbondale.  Its  masimum  breadth 
is  over  five  miles,  and  its  mean  not  less  than  3|,  or  nearly  four  miles. 

The  general  form  of  the  field  is  that  of  a  long,  narrow,  trough-like 
basin,  deep  at  its  lower  or  western  extremity  and  shallow  at  its  upper  or 
eastern  end.  It  is  not,  however,  straight,  or  perfectly  parallel  along  the 
lines,  of  its  axis,  or  strike,  but  has  a  gradual  curve  from  end  to  end,  in  the 
form  of  a  crescent  or  slightly-bended  bow,  curving  on  a  radius  of  about  50 
degrees, — ^the  eastern  horn  pointing  at  Carbondale  N.  20  degrees  E., 
and  the  western  horn  at  Shickshenny,  S.  20  degrees  S,  of  W.  At  both 
extremities  the  coal  measures  rise  gradually  to  a  point  fer  above  water-level 
on  their  central  depressions,  in  like  manner  as  they  rise  along  the  sides  of 
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the  basin,  but  with  comparatively  low  ascending  angles.  It  is  therefore 
emphatically  a  basin,  with  a  rim  of  liard  and  durable  conglomerate,  ranging 
from  100  to  300  feet  thick. 

It  contains  in  an  eminent  degree  all  the  conditions  necessary  to  the 
production  of  coal ;  and,  judging  from  present  appearances,  we  might  be 
tempted  to  state  it  as  an  independent  formation,  having  no  reference  to  or 
cotemporaneous  existence  with  any  other  coal-field,  and  without  relation  to 
the  great  Appalachian  formation ;  but  a  general  knowledge  of  the  cotempo- 
rajieoua  geology,  of  eourse,  permits  no  such  inferences.  There  can  be  no 
doubt,  however,  of  the  fact  that  the  basin  in  which  this  coal-field  now  lies 
existed  as  a  basin  or  deep  lake,  not  only  when  tfce  coal  was  formed,  bnt 
long  anterior ;  and  the  probability  is  that  but  little  if  any  coal  was  ever 
formed  on  the  surrounding  mountains.  Coal  was  originally  formed  in 
basins,  and  always  exists  in  basins;  and  wherever  the  conglomerate  pre- 
sents evidence  of  the  existence  of  a  basin,  there  coal  is  always  found.  There 
are  many  cases  of  denudation,  but  they  leave  their  evidences  behmd.  Basins 
may  be  cut  through  in  a  hundred  places  by  water,  but  there  are  always  por- 
tions of  the  formation  left. 

Below  we  present  a  view  of  Shickshenny,  and  on  the  next  page  a  general 
illustration  of  the  Wyoming  or  northern  coal-field.  It  presents  at  a  glnr.ee 
the  whole  geology  and  peculiarities  of  the  basin. 
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The  accompanying  illustration  presents  tlie  plan  or  area  of  the  coal-field ; 
the  form  or  lay  of  the  coal  measures  lengthwise,  or  from  east  to  west,  and 
the  form  of  the  intermediate  basins,  or  the  cross-sections  from  north  to 
south. 


8U[  eifioial  luiiu  uf  the  Del  I  or 
baiin  C  at  tliB  eastern  end 
13  the  loLation  of  CiibunJule 
S  represents  Serat  ton  ai  J  I' 
the  poBitioB  of  PittBtoii  Hare 
the  Suaquehanno,  broaka 
(hrough  the  ''iianjnco  Aloun 
tj  aa  anil  enters  ti  l  tkII  j 
an!  liGie  tho  Lackniraiina 
t  =ing  abnye  CaibonJilo  nnd 
running  bj  bcranton  jom&  the 
river.  About  nine  miles  below 
Piltaton  is  the  location  of 
Wilkesbaare,  represented  by 
W,  and.  opposite,  on  the  line 
of  the  Bloomsburg  &  Lacha- 
ivaniitt  Railroad,  is  Kingston,  ff. 
A  abort  distance  below  is  Ply- 
moulb,  nearly  opposilo  fo  the 
Nanlicoke  Kailroad,  and  the 
plains  leading  over  the  moun- 
lains  from  the  Valley  of  the 
'fusquehanna  to  the  Lohigh 
andconnet^tingn  itbtholjeh  gh 
L  Si  Hijuehnnna  BaJroad 

lie\ov.  PI  at  If  IS  the  looa 
tion  of  Nmtieoke  where  the 
Subquchanna  agim  brenka 
throigh  the  Shawanee  M  un 
tains  and  leivis  the  valkj 
At  nut  nine  mile''  to  the  w  st 
of  Nanticoke  is  Shickahennv 
outside  of  the   coal  field  and 


Here  the  river  again  sweeps 
to  Uie  E  uth  and  Grosses  the 
point  of  the  basin  bnt  hiio 
the  lei  of  the  nvei  is  fiom 
one  hnnlr  d  to  tno  hundred 
fpft  below  the  coil  nicasu  pi 
as  rep  eaeuted  in  tl  long 
tu  I  nil  leotion  of  the  forma 


No  ; 


a  longitudinal  sec 

t,  tollo«in(,  doHtl; 
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No.  1,  immediately  below.  In  the  baoltgcound  are  tlie  Shawaneo  lIoniitaiaB,  and  the  gaps 
llirough  ivhich  the  river  enters  and  iBaves  the  valley.  The  dart  lines  represent  Ihe  coal 
measures,  iviiich  Uo  deep  in  the  lowest  parts  of  the  basin,  and  rise  nearly  to  the  summit 
of  the  mountains  at  each  end.  The  deepest  part  of  iJie  basin  is  below  Wilkeabarra,  and 
nearly  opposite  Plymouth,  while  the  deepest  portions  of  the  basin  generally  lie  betivaon 
Pittaton  and  Nanticoke,  or.still  farther  to  the  west  of  Kantiooke.  From  Hantieoke,  however, 
the  measures  commence  to  ascend  to  the  west,  as  at  Wilkesbarro  they  ascend  to  the  east.  In 
the  vicinity  of  Pittston  they  are  as  near  the  surface,  or  as  shallow,  as  at  any  point  beiwaon 
the  extreiQities  of  Carbondale  and  Nanticoke,  and  the  undulations  are  here  more  irregular 
and  uncertain  than  in  any  other  part  of  the  field.  The  dip  is  io  every  point  of  the  com- 
pass, while  the  general  rule  or  angle  of  dip  is  north  and  Boulh,  and  the  strike  of  the  aiis 
ft'om  east  to  west.  Ahofe  Pittston  the  measures  become  more  regular,  and  frequently  run 
deeper,  but  they  are  still  shallow  compared  with  the  deep  basins  below  Wilkesbarro.  In 
the  vicinity  of  Scranton  the  total  thickness  of  the  coal  measures  is  about  600  feet,  and  wa 
presume  the  deepest  basins  above  Pittston  will  not  be  over  800  feet,  while  in  the  district 
below  Wilkesbarre  they  are  from  1000  to  1500  or  perhaps  2000  feet  deep. 

Transverse  sections,  Hes.  3,  4,  5,  B,  7,  and  8,  reprasent  tlie  dips  and  intermediate  basins 
of  coal  at  different  points  across  the  field. 

No.  3  represents  the  basin  at  Carbondale,  its  eastern  extremity,  where  the  angles  are  low 
and  the  coal  comparatively  near  the  surface.  Here  the  upper  seams  or  veins  do  not  exist, 
and  only  one  or  two  of  the  lower  ones  are  found  in  a  workable  condition;  but  generally 
the  veins  are  productive,  easily  mined,  and  the  coal  is  good. 

No.  i  represents  a  cress-section  at  Scranton,  where  the  measures  are  more  regular  than 
they  are  farther  west,  and  perhaps  leas  deep  than  at  certain  points  farther  east ;  while  the 
angles  of  dip  are  more  uniform  and  low.  The  angles  of  dip  vary  considerably,  but  may 
ho  stated  as  a,  mean  between  8°  and  10°. 

No.  S  is  a  section  across  the  field  at  Pittston,  east  of  the  point  whave  the  Susquehanna 
enters  the  valley.  The  undulations  on  the  south  side  of  the  Lackawanna  are  very  irregular 
and  uncertain ;  the  dips  are  to  all  points  of  the  compass,  and  the  basins  comparatively 
shallow.  On  the  north  side  of  the  Lackawanna  there  has  been  but  little  development  made, 
but  the  measures  are  more  regular,  and  have  a  general  inclination  from  the  top  of  the  moun- 
tain east  of  Campbell's  Leilge  down  to  the  Lackawanna,  with  an  angle  of  about  5".  This 
low  and  uniform  angle  varying  from  5°  to  12°  is  general  along  the  northern  edge  of  ihe 
basin,  except  at  a  few  points ;  one  of  these  is  behind  West  Pittston,  and  another  below 
Shickshenny,  as  shown  in  No.  8. 

No.  G  represents  a  transverse  section  in  the  vicinity  of  Wilkesbarre.  The  section  is  too 
email  to  portray  correctly  the  basins  and  angles,  but  conveys  a  general  impression  of  the 
undulations.  Wa  will  give,  farther  on,  a  more  correct  delineation.  The  same  general 
features  are  notieeable  here  as  at  Pittston.  The  undulations  are  greater  on  the  southern 
than  the  northern  edge  of  the  field.  In  fact,  the  angles  of  dip  beneath  the  Wyoming 
Wountain  are  much  greater  here  than  at  Pittston,  but  the  axes  are  regular,  running  east  and 
west,  and  the  dips  more  uniformly  north  and  south. 

No.  7  is  a  cross-section  balow  Nanticoke,  and  represents  some  of  the  sharpest  or  most 
abrupt  angles  of  dip  fonnd  in  the  valley,  with  the  exception  perhaps  of  a  few  localities  to 
the  south  and  southwest  of  Wilkesbarre,  along  the  outcrops  of  the  Monmouth,  at  the  imme- 
diate foot  of  the  Wyoming  Mountain,  and  along  the  "  Hoghack,"  which  is  a  ridge  running 
from  a  point  below  Nanticoke  nearly  to  Wilkesbarre,  and  in  which  the  veins  rise  nearly  per- 
pendicular. 

No.  9  is  a  vortical  section  in  the  vicinity  of  Nanticoke,  and  No.  10  is  a  vertical  section  of 
the  coal  measures  near  Scranton.  We  give  these  to  present  a  comparison  of  the  depth  of 
the  measures  at  these  respective  points,  and  the  relative  position  and  number  of  veins. 
Farther  on  will  be  found  mora  elaborate  sections. 

"With   tlie   aid   of   the   foregoing   description^   and   the   aeeompanyliig 
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illustrations,  we  hope  a  good  general  impression  of  the  form  and  features 
of  the  Wyoming  Valley  and  basin  may  he  obtained, 

A  great  portion  of  the  coal  of  the  nortliern  field  is  accessible  by  shallow 
shafting, — perhaps  two-thirds  of  the  entire  amount.  All  the  coal  above 
or  east  of  Pittston,  and  fully  one-half  below,  or  west,  can  be  obtained 
within  an  average  shafting  depth  of  400  to  500  feet,  or  within  800  feet  as 
a  maximum.  This  may  be  considered  as  eminently  available,  when  com- 
pared with  many  of  the  European  coal-fields,  or  as  compared  with  the 
greater  portion  of  the  deep  coals  of  Schuylkill  county. 

But  little  of  the  Wyoming  or  Lackawanna  coals,  however,  can  be  ob- 
tained by  drifting  above  water-level,  though  much  of  the  coal  on  either 
edge  of  the  basin  really  exists  above  it.  The  conformation  is  such  that  the 
coal  is  not  accessible  by  drifting  on  the  strike  of  the  veins,  since  they  are 
not  often  exposed  across  tlie  axis;  the  inclination  of  the  covering  strata 
being  paralld  or  on  a  plane  with  the  coal,  and  the  form  of  the  valley  con- 
forms to  the  shape  of  the  coal-baain  beneath.  Therefore,  the  coal  which 
lies  above  water-level  can  only  be  reached  by  long  tunnels  or  short  shafts. 
There  are  notable  exceptions,  however,  as  may  be  found  at  Nanticoke  and 
the  western  extremity  generally,  though  but  little  developed;  at  the  old 
Baltimore  mines,  and  on  the  property  of  John  T.  Everhart,  northeast  of 
Pittston,  the  same  facilities  exist  for  mining  above  water-level.  But 
generally,  as  we  before  observed,  most  of  the  coals  of  the  northern  field 
are  more  accessible  by  shafting  than  by  any  other  mode.  We  include 
slopes,  which  are  but  inclining  shafts,  in  the  same  category;  though  this 
mode  is  only  available  at  a  few  localities  in  the  viciifity  of  and  below 
AVilkesbarre. 

The  accompanying  columnar  or  vertical  sections,  through  the  coal 
measures,  at  three  different  points  in  the  basin,  -ffill  enable  us  to  pi'osent 
several  interesting  subjects  in  connection  with  the  veins  and  the  measni-cis 
in  a  clear  and  definite  form.  They  show  the  relative  deptli  of  the  basin 
at  the  points  distinguished;  the  sizes  and  number  of  veins ;  the  order  of 
tlieir  existence  or  position,  and  their  idejitity, — which,  we  believe,  has 
never  before  been  attempted. 

THE  LACKAWANNA  REGION.— CAEBONDALE  DISTRICT. 
The  accompanying  section,  Eig.  23,  shows  the  depth  of  the  coal 
measures  at  Carhondale,  the  number  of  veins,  and  the  thickness  of  coal 
which  they  contain.  The  fignrra  represent  feet;  those  in  the  body  of 
the  column,  the  thickness  of  the  intervening  slates  and  sandstones,  and 
those  on  the  left,  under  the  letters,  the  thickness  of  the  respective  veins 
opposite.  The  letters  are  chosen  to  distinguish  the  veins,  instead  of  tlie 
uamw,  which  change  with  every  locality.     We  sliail  thus  be  enabled  to 
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prevent  confusion,   and   always   represent  the  same   bed   by   the   same 
character  wherever  found.     E  is  the  fifth  vein  from  the  conglomerate,  aa 
a  general  rule,  in  every  part  of  each  anthracite  field- 
There  is  but  little  vai-iation  from  this  rule,  and  none 
where  the  seams  are  rcgnlar  and  not  divided. 

At  this  point, — that  is,  near  the  eastern  extremity  of 
the  Laekawanna  region, — the  lower  veins  do  not  dc- 
\eiop  in  workable  dimensions,  and  D  is,  perhaps,  the 
lo^test  workable  bed  developed.  E  is  the  great  Carbon- 
dale  bed,  seam,  or  vein,  and  is  synonymous  with  tlio 
Si.ranton  G  vein,  the  Pittston  14  feet,  the  Baltimore 
■\em  at  Wilkesbarre,  and  the  Mammoth  vein  in  the 
Schuylkill  region, 

"\  ein  F  is  generally  small  in  all  the  anthracite  regions, 
^  ir\  ing  from  3  to  6  feet. 

M  e  presume  the  sizes  here  given  to  bo  the  maximum 
dimensions  of  the  Carbondale  seams.  There  is  some 
doul  t  of  the  existence  of  F  in  this  portion  of  the  region, 
ind  F  here  is  what  we  have  elsewhere 
gnen  as  G,  or  the  Scranton  E  vein, 
^v  hich  it  nearly  represents.  The  amount 
of  workable  coal  in  this  section  is 
about  20  feet.  Lower  down  the  Lacka- 
■^^tnna,  at  Archibald,  Olypliant,  and 
Pro\idence,  the  veins  are  more  nume- 
lous  and  the  measures  deeper,  but  we 
do  not  find  E  at  any  point  in  this 
lejjion  larger  than  at  Carbondale.  This 
fatt  suggests  the  inference  tliat  veins  E 
and  D  are  here  included  in  the  24  feet 
of  ^  ein  E,  as  given.  It  is  very  difficult 
to  commence  the  identity  at  this  point,  since  the  measures, 
IV  hich  it  Scranton  ire  from  500  to  700  feet  thick,  aie  here 
>nlj  150  to  200  feet  m  thickness;  and  consequently,  the 
veins  are  thrown  closer  together.  We  may,  therefore,  Iw 
safe  in  stating  that  the  veins  which  we  give  as  E  and  P 
are  identical  with  the  Scranton  veins  locally  named  E, 
G,  and  H,  and  with  thcee  on  our  section  of  tlie  Scranton 
district,  named  D,  E,  and  G. 

We  give  below  the  size  and  character  of  the  Carbondale 
bed,  with  its  bone,  slate,  and  partings;  premising, however,  that  v.^  believe 
it  to  be  a  combination  of  our  Mammoth  and  Skidmore,  or  vems  D  and  E 
of  our  nomenclature,  or  perhaps  F,  E,  D,  and  C. 
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SCRANTON  DISTRICT  OF  THE  LICKA WANNA  COAL  REGION. 

The  Lackawanna  coal  region  ig  the  eastern  poition  or  half,  or  the 
Northem  anthracite  coal-fitld.     The  Scranton  distrKt  was  the  last  in  this 


coal-field  to  be  developed,  as  the  Carbondale  district  was  practically  the 
first;  but  at  present  it  is  first  both  in  regard  to  the  state  of  development 
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or  the   amount   of  production.     The  Wvominsj   district   ivas    partially 

developed  as  early  as  1820;   the  Carb  a 

dale  district  in  1829j  the  Pittston  in  1640,  ^     ^*' 

or  earlier;  and  the  Scranton  in  1855!    \ct 

the  enterprise  and  energy  here  disp!a\el 

have  thrown  all   other  districts   into  the 

shade,  notwithstanding  the  comparatively 

short  space  of  time  in  whieh  the  work  has 

been  done. 

The  miners  and  coal-operators  of  this 
district  iahor  under  some  disadvantages, 
but  the  advantages  here  offered  more  tlian 
counterbalance  these  objections.  The  veins 
are  much  deteriorated  by  the  numerous 
bands  of  slate,  bone,  and  other  impurities 
■which  are  intercalated  with  the  coal.  Thrae 
bands  seriously  interfere  with  the  work  of 
preparing  acceptable  or  merchantable  coal, 
and  greatly  increase  the  labor  of  mining, 
cleaning,  and  separation.  But,  on  the  other 
hand,  the  coal  is  obtained  at  a  moderate 
depth  from  the  surface,  and  the  low  angle 
of  dip,  approaching  tiie  horizontal,  enables 
the  miner  to  put  his  coal  into  the  drift  or 
mine  cars  direct,  and  thus  obviates  all  extra 
handling.  Coal-seams  which  approach  the 
horizontal, — or  from  5°  to  10°  of  dip, — 
and  those  which  liave  an  angle  of  from  So" 
to  50°,  can  bo  operated  with  more  economy 
than  tliose  which  vary  to  a  greater  or  leas 
degree  when  not  affected  by  circumstances 
of  a  different  nature,* 

It  will  be  noticed  in  the  accompanying 
vertical  section  that  the  measures  at  Scran- 
ton are  much  deeper  than  at  Carbondale, 
and  that  the  veins  are  deposited  in  a  greater 
thickness  of  intervening  strata;  but,  com- 
paring the  section  at  Scranton  with  that 
at  Wilkesbarre,  we  find  a  still  greater  dif- 
ference. The  depth  at  Scranton  is  less  than 
500  feet;  at  Wilkesbarre  it  is  over  1000  feet.  ■""""  """"" 

*  Tbia  subject  will  be  fully  dieGusaed  under  the  bead  of  "economical  mining,"  tu  wliieh 
we  refer  for  fear  of  misooaeeptioQ. 
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There  is  no  difficulty  in  identifying  the  veins  here  with  tliose  of  other 
portions  of  the  anthracite  coal-fields.  Most  of  the  Important  seams  foiUKi 
elsewhere  are  here  developed,  though  in  less  dimensions  than  they  assume 
as  a  general  rule  in  other  regions. 

The  mining  engineers  of  the  Scranton  district,  have  adopted  a  local 
nomenefature  of  their  own  to  designate  the  seams.  "We  have  lettered  the 
coal,  from  the  conglomerate  upwards,  progressively,  aa  the  only  practicable 
mode  which  is  applicable  generally.  The  seams  which  are  sometimes 
found  locally  in  the  conglomerate  we  have  not  included,  since  their  exist- 
ence is  precarious  and  their  extent  and  localities  are  uncertain.  We  find 
none  of  those  lower  beds  in  the  Northern  coal-fields,  except  a  very  small 
one,  perhaps,  between  the  upper  and  lower  conglomerate,  near  Scranton. 

At  Scranton,  the  seams  are  lettered  from  the  top  downwar(|s,  though 
there  is  some  uncertainty  where  to  make  the  commencement.     The  "big 
vein,"  however,  is  always  designated  as  G,  and 
from  this,  as  a  base,  those  above  and  below 
are  enumerated. 

The  uppermost  seam  developed  as  workable 
""''  coal   at   Scranton  is  I,  corresponding  to  the 

UMi?  Scranton  C;  and  as  they  have  named  the  coals 

sutf^.  from  the  top  doivnwards,  and  we   from   the 

bottom  upwards,  the  identity  is  thus: — Our  H 
Coal.  is  Scranton  D;  G,  or  Primrose,  is  Scranton  E; 

F   is  the  same  in  both  columns;   E,  or  the 
siafe.  Mammoth,  is  their  G;  D,  or  the  Skidniore,  is 

the  Scranton  H;  C  is  Scranton  I  vein;  B,  or 
coii.1.  Buck  Mountain,  is  their  K;  J  being  omitted, 

though  it  exists  aa  a  small  unworkable  scam, 
"'   "  ■    and  is  the  lowest  vein  named. 
P^^jj  E  and  G,  or  the  Primrose  and  the  Mam- 

moth, are  the  two  princiijal  beds,  and  those 
Bonj-coai.    chiefly  worked.     These  veins  vary   consider- 
ably.    The  Mammoth,  or  E,  ranges  from  12 
"""''  to  24  feet,  and  the  Primrose,  or  G,  from  10  to 

I  Slats.  15  feet. 

The  figures  on  the  left  of  the  accompanying 
'  '^^'^  illustration.  Fig.  26,  denote  the  thickness  in 

feet  and  inches  of  the  benches  or  bands  of 
coal,  bone,  and  slate  which  constitute  the  seam, 
or  about  21  feet  total  thiclsness.     This  repre- 
sentation of  E,  or  Scranton  G,  is  from  the  Eellevne  Mines,  belonging  to 
the  Delaware,  Lackawanna  &  Western  Eailroad  Company.     It  is  in  its 
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maximum  dimensions  and  best  condition.    We  give  in  the  follox\ing  notes 
the  size  and  condition  of  this  hcd  at  other  points. 


COAL   SECTiOSS   AT   SCRANTOS, 


B,  or  G,  at  A 

■-0. 1  Shaft. 

E,  or  G,  al  N 

.2 

Shi 

fi- 

Ft. 

Tn. 

Ft.        In 

Top,  B! 

LieSIat^; 

al 

.     2 

0 

Coal. 
Slate 
Coal  . 
Slate. 
Bone 
Coal.. 

Coal ... 
Slate... 
Bony  C 

.     1 
.     0 
.     1 

.     5 

1 
(i 
1 

0 

5 

0 

5 

Slate... 

.     1 

0 

Total 

12       1 

Coal.... 

2 

0 

Workable  Coal . 

11         ^ 

Slate... 
Coal.... 

.     0 
.     0 

c 

7 

E,or 

G,  at  Rockmel 

Ft.       In 

Skt«.... 

.    n 

2 

Coal. 

1 

Coal.... 

.     2 

4 

Coal.. 

4 

HardSlaf.<! 

.     0 

.     2 

9 

9 

SIat«. 
Coal. 

Coal.... 

1 

Total 

WorkaMeCoal 

18 
.  12 

3 

0 

Coal.. 

3         i 

Total 

12       1 

Workable  Coal . 

10       DC 

PRIMROSE   BED 

G,or 

E,  at  Diamond  Mines. 

Ft. 

In. 

Fi 

.27. 

Slate 

Top 

^ 

Coal. 

0 

33 

1 

Bony 

10 
2 
3 
3 
0 
6 
6 

J3 
3 

■ 

■ 

g 

^3 

Total 

13 

6 

Workable  Coal.. 

6.0 

SCRANION 
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SECTIONS   OF   OTHER   SEAMS. 

Fig.  28  is  a  section  of  Scranton  D  vein,  or  onr 
H,  which  lies  above  the  Primrose,  and  corre- 
sponds with  the  Orchard.  This  section  is  from 
the  Bellevue  mines,  and  is  not  worked;  at  other 
points  it  is  found  in  a  worliable  condition,  and 
ranges  from  five  to  seven  feet  in  thickness. 

Fig.  29  is  F,  having  the  same  denomination  iji 
both  nomenclatures,  and  corresponds  with  the 
Holmes,  which  lies  between  the  Mammoth  and 
the  Primrose.  This  section  is  from  the  Diamond 
Mines,  and  is  near  its  average  proportions  and 
condition  in  the  Scranton  district. 

Figs.  30  and  31  are  I  and  K  at  Scranton,  and 
C  and  B,  as  we  have  named  them,  and  as  appear 
on  their  face.  Fig.  31  corresponds  to  the  Buck 
Mo'.mtain  vein,  which  will  be  found  fully  exem- 
plified in  other  regions. 

The  highest  vein  at  Scranton  is  C,  or  I  of  onr 
scale.  The  accompanying  notes  sliow  its  size  and 
character. 

I,  or  C,  ai  Dtamond.  Ft.       in. 

Bony 2  0 


Coal.... 


.   1 


r  II,  at  Bclkvue. 


Coal... 
Shite-. 
Coal... 
Sktc. 
Coal... 


Seam  T),  or  H,  lies  under  the  Mammoth,  and 

corresponds  with  the  Wharton  or  Skidraore.     Its 

size  in  the  Scranton  district  varies  from  seven  to 

nine  feet,  as  a  mean,  but  sometimes  it  is  much  less.     C  and  B  are  worked 

and  used  as  furnace-coals  by  the  Lackawanna  Iron  Company. 

The  total  thickness  of  the  workable  scams  at  Scranton  is  about  62  feet; 
but  of  this  thickness  not  less  than  20  feet  are  rejected  as  refuse  or  con- 
sidered unworkable,  which  reduces  the  amount  of  productive  eoal  to  42 


ci  by  Google 


THE  WYOMING    REQIOK — PITI-TUN    DISTRICT.  175 

feet.  The  breadtli  of  tlie  basin  at  Scranton  or  vicinity  varies  from  three 
to  five  miles,  and  may  be  estimated,  as  a  mean,  at  four  miles,  underlaid  by 
the  lower  veins.  The  upper  veins  do  not  co\er  more  than  half  this  area: 
consequently,  the  workable  or  productive  thickness  cannot  be  estimated  as 
an  aggregate  over  the  entire  area.  We  think  that  25  feet  total  thickness 
over  the  entire  area  of  the  four  miles  breadth  will  be  fully  up  to  the 
standard.  The  length  of  the  Scranton  district  is  not  defined,  but  the 
above  estimate  will  hold  good  throughout  the  Lackawanna  region,  from 
Pittston  to  its  eastern  extremity. 

The  mode  frequently  pursued  of  finding  tlie  total  working  thickne^  of 
coal,  and  estimating  its  productibility  over  the  entire  area  of  the  field  or 
basin,  is  seldom  practicable.  In  deep  basins,  where  the  veins  dip  at  a 
high  angle,  the  total  tliiekness  will  often  more  than  cover  the  area  of  the 
surface;  but  this  is  oftener  tlie  exception  than  the  rule. 

The  composition  of  the  sedimentary  strata,  or  the  materials  constituting 
the  coal  measures  at  their  eastern  extremity,  is  finer  in  grain  and  appear- 
ance than  near  the  centre  of  the  basin  at  Pittston  or  portions  of  the  field 
fiirther  down.  It  would  appear,  from  these  circumstances,  that  the  current 
depositing  the  sediment  of  tliis  portion  of  the  coal-field  came  from  the 
west;  but  the  inference,  from  the  nature  of  the  sediment,  would  be  that  it 
came  frem  some  central  portion  of  the  field. 

There  is  no  evidence  of  a  rapid  current  flowing  cast  from  Pittston,  but 
there  is  of  one  flowing  west. 


PITTSTON   DISTRICT. 

This  portion  of  the  coal-field  lies  indefinitely  between  the  Lackawanna 
and  Wyoming  regions,  and  in  the  vicinity  of  the  junction  of  the  Lacka- 
wanna with  the  Susquehanna,  at  the  entrance  of  the  latter  into  the  valley. 

The  coal  measures  are  more  disturbed  and  irregular  in  this  locality  than 
in  any  other  portion  of  the  field.  The  veins,  of  course,  partake  of  the 
same  influences,  and  are  found  dipping  to  every  point  of  the  compass; 
they  are,  therefore,  not  as  reliable  nor  as  economically  mined  as  in  the 
more  uniform  portions  of  the  field.  Grenerally,  the  formations  of  the 
northern  anthracite  fields  are  remarkably  uniform, — much  more  so,  in  iact, 
than  either  of  the  other  anthracite  fields. 

When  we  state  tliat  the  Pittston  district  is  less  reliable  as  a  mining 
district  than  some  other  portions  of  the  field,  we  do  not,  by  any  means, 
condemn  it.v  In  comparison  with  our  coal-fields  generally,  its  condition  is 
fiivorable.  Though  the  coal  is  not  generally  as  uniform  as  that  of  the 
Scranton  district,  it  contains  less  slate  and  impurity;  and  while  not  as 
productive  as  the  Wilkesbarre  district,  the  coal  will  be  more  accessible 
from  the  surface,  eventually,  than  that  of  the  deeper  basins  to  the  west. 
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There  are  some  peculiarities  in  this  district  and  vicinity  which  claim 
our  attention.  First,  the  intermediate  basins  are  irregular,  and  the  nniforni 
east-and-wcst  axis,  which  prevails  generatly  throughout  the  field,  is  inter- 
rupted by  frequent  swells.  These  basins  are  leas  elongated  or  trough-like, 
and  more  elliptical  and  round, — more  frequent,  and,  of  course,  more  con- 
tracted in  area.  There  is  no  uniform  dip  and  strike,  but  the  undulations 
of  veins  are  in  all  directions.  To  this  rule,  ho%vever,  there  ai'e  notable 
exceptions,  as  we  before  stated;  and  one  of  these  seems  to  be  on  the  north 
side  of  the  Lackawanna,  where  the  measures  show  a  long  stretch  of  gently 
inclining  south  dip. 

The  second  peculiarity  which  we  note  is  the  exceeding  coarseness  of 
grain  prominent  in  the  coal  measures  in  the  Pittston  district.  There  are 
localities  in  both  the  first  and  middle  coal-fields  where  the  same  coarseness 
exists;  but  in  the  Northern  eoal-fieid  we  liave  nowhere  else  noticed  this 
prominent  feature  of  the  Pittston  district. 

A  third  peculiarity  exists  in  the  freqiient  erosions  or  denudation  of  the 
coal-seams  to  a  great  depth  in  this  locality.  At  a  depth  of  from  100  to 
160  feet  from  the  surface,  the  measui-es  have  been  removed,  in  certiiiu 
localities,  and  their  place  filled  with  sand  and  bouider-stone. 


The  aceompanying  illustration,  figure  32,  will  convey  an  idea  of  this 
form  of  denudation.  Its  locality  is  nearly  opposite  the  entrance  of  the 
Susquehanna  through  the  mountain  into  the  valley.  It  does  not  seem  to 
be  the  regular  bed  of  a  channel,  but  rather  the  effect  of  rushing  and  re- 
bounding waters  since  the  formation  of  the  coal-beds;  and  the  portions 
swept  away  may  be  taken  as  an  evidence  of  the  violence  with  which  the 
river  first  made  its  entrance  into  the  valley.  The  same  evidence  of  vio- 
lence exists  in  the  denudations  of  the  strata  at  many  points  in  the  vicinity 
of  the  present  bed  of  the  river,  from  Pittston  to  Kingston,  which  may  be 
noticed  in  our  transverse  section  illustrating  the  basin  at  or  near  Wilkcs- 
barre.  These  erosions  can  only  be  explained  as  the  effects  of  the  violence 
of  the  waters  of  the  Susquehanna  at  an  early  period,  yet  long  after  the 
formation  of  coal.  It  does  not  appear  that  the  river  broke  through  the 
huge  Shawanee  at  one  violent  effort,  but  rather  on  the  slow,  eating  prin- 
ciple of  the  cataract,  which  would  have  just  the   effect  which  we   find 
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resulting,  smee  the  precipitated  waters  would  cut  away  the  comparatively 
soft  rocks  of  the  coal  measures  to  a  considerable  depth  and  great  distance. 

There  is  some  probability  that  the  waters  of  the  basin  or  ancient  lake  in 
which  this  coal  was  formed  came  into  the  valley  at  the  point  now  occu- 
pied by  the  Susquehanna.  Only  on  such  an  hypothesis  can  we  account 
for  the  peculiar  coarseness  of  the  deposits  and  the  irregularity  of  the  basins 
here,  while  the  sediment  diminishes  in  amoiint  and  in  coarseness  of  texture 
east,  and  increases  in  amount,  though  not  in  coarseness,  west. 

We  have  not  been  able  to  obtain  a  reliable  vertical  section  in  the 
Pitfaton  district.  The  only  parties  in  possession  of  the  information  access- 
ible were  the  Pennsylvania  Coal  Company,  and  they  refuse  to  impart  it. 
From  the  facts  ascertained,  however,  we  do  not  consider  the  total  thickness 
of  workable  coal  to  be  as  great  as  it  is  in  the  Scranton  district. 

We  can  furnish  nothing  reliable  concerning  the  measures,  or  the  coal 
below  the  Pittston  or  14-foot  vein,  which  corresponds  to  E,  or  the 
Mammoth. 


Section  at  No.  6  Skaji,  Pmnsylvania  Com 

-Beet. 

Surface 18 

Bock 20 

Slate 5 

Conglomerate  and  sandstone , 15 

Coal 0 

Slate 42 

Fire-clay 2 

Eflck,  coarse 20 

Slate 3 

Goal 3 

Fire-elay 1 

Bock 52 

Coal,  checkered  and  bony  (not  workedj 6 

Rocks  and  coarse  sandstones 113 

Slate  and  bone 5 

CoaUbedE) 14 


Continued  from,  a  Section  taken  above  IXltnlon  on  other  land. 

Gray  rock,  coarse 35 

Coal,  7  to  9  feet,  D 8 

Slates  and  aandatones 50 

Coal,  3  to  5,  C 5 

Slates  and  sandstones 50 

Coal,B _3 
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We  illustrate  the  Pittston  14-feet,  or  Mammoth,  with  two  sections, — one 

III  its  maxiiniim  and  the  other  in  its  minimum  condition.    We  note  in  figuru;^ 
aeveral  otiier  sections  in  the  same  vicinity. 

Figs.  33  and  84.  E  Bed,  or  Pittston,  Hfcet,  at  the  Rough  and  Ready  Colh'ery. 

Feot.        Ipclifs. 


Coal,  c 


Coal 

Slate 

Coal 

Workalile  coal,  7  ft.  6  iu. 


n  bed,  at  the  Butler  Co/h'err/  in  Pittston. 


Top,  slate  and  sandstone... 

Coal,  rider,  coarse 

Slate 

Coal 


Bone 0 

Coal,  extra 2 

Bone  and  slate 0 

Checkered  coal 1 

Coal ^ 

Workable  coal,  13  ft.  G  in. 


^The  upper  section  is  from  tlie  Tivi 
ji  tlie  TompkiRs  sliaft,  below  Pittsluu. 


11  shaft,  above  Pittston,  and  the  lower  ei 


The  depth  of  the  measures  iu  the  vicinity  of  Pittston  is  not  over  fivo 
hundred  fe«t  generally,  and  rather  less,  as  a  rule,  than  in  the  Seranton  dis- 
trict; though  there  may  be  localities  where  tlie  measures  will  exceed  TfK) 
ftiet  in  thickness. 

The  Pittston  coals  are  not  as  hard  as  the  coals  in  the  lower  end  of  the 
basin,  nor  as  tenacious  as  the  coals  of  the  Seranton  district ;  but  they  arc 
considered  by  some  a  better  steam  coal  than  the  former,  while  they  contain 
less  ash  than  the  latter. 


THE   WrOMIMG   REGION  PROPER, 

We  include  under  this  head  all  the  lower  or  western  end  of  the  Northern 

coal-field,  from  an   indefinite  point  near   Pittston,  to  Shickshenny.     It 

comprises  the  most  valuable  portion  of  the  field,  containing  the  hest  coal 

and  the  largest  amount  of  it.     Thci  scams  at  present,  along  both  edges  of 
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the  field,  arc  easily  accessible,  and  will  be  productive  at  moderate  depths, 
for  a  long  period;  but  eventually  deep  shafting  Hill  IiaM.  to  be  resorf«d  to 
in  the  central  portions  of  the  valley. 

The  accompanying  transverse  section  illustrates  w-  g- 

generally  the  form  of  the  basins,  axes,  or  undu-  ^  ' 

lationa,  which  have  a  uniform  course  nearly  east  £    ^ 

and  west ;  while  the  dips  are  equally  uniform  f  ^     / 

north  and  south.  A 


WILKESBARRE   DISTRICT. 

The  accompanying  illustration,  Fig.  35,  of  the 
"Wilkesbarre  basins  gives  a  good  general  impres- 
sion of  their  form  and  features ;  but  it  is  by  no 
means  exact  in  proportion  or  measurement.  It 
is  an  ideal  section,  formed  from  such  data  as  were 
accessible.  We  may  point  out  a  few  errors  which 
those  practically  ^miliar  with  the  district  will 
detect  The  number  of  basins  between  AVilkes- 
barre  and  the  mountain  is  uncertain,  but  they 
run  deeper,  in  all  probability,  than  the  section 
indicates.  Our  artist,  though  very  skilfiil,  has 
transposed  tlte  seams,  as  may  be  noticed,  in  crossing 
the  basin,  and  has  placed  more  veins  on  the  south 
than  the  north  side.  Otherwise,  the  illustration 
conveys  as  coiTect  an  impression  of  the  coal- 
basins  in  the  Wilkesbarre  district  as  can  be 
furnished  by  the  present  state  of  their  develop- 
ment. 

For  tlie  information  of  those  not  familiar  with 
the  region,  we  may  state  that  this  view  is  from                \ 
the  west  towards  the  east.     Wilkesbarre  is  repre-              J    J 
sented  by  a  nnmber  of  houses  on  the  right  or                 ( 
south  side,  and  Kingston  by  a  large  house  on                  \ 
the  left  or  north  side.     The  white  dotted  space                }  f 
between  the  two  is  intended  to  illustrate  the                 >  \ 
erosion  or  denudation  which  has   taken   place                     V 
generally  in  the  vicinity  of  the  river,  to  a  con- 
siderable depth,  from  this  point  to  Pittston.  

The  probable  depth  of  the  central  portion  of 
the  basin  is  from  1000  to  1500  feet;  and  in  localities  b  )ari-e 

and  Nanticoke  the  depth  is  undoubtedly  greater.     The  first  seam  of  any 
note  cut  in  the  Dundee  shaft,  which  is  nearly  opposite  Plymouth,  is  about 
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700  feet  from  the  surface.  This  vein  is  one  of  the  upper  ones,  as  shown  ia 
the  accompanying  vertical  section,  and  must  be  nearly 
a  thousand  feet  from  the  bottom  of  the  basin  at  that 
point.  The  depth  perhaps  of  the  larger  portion  of  the 
coal  on  each  side  of  the  central  basins  is  within  750 
feet  of  the  aurfitce. 

In  figure  36  we  give  the  total  thickn^s  of  the  mea- 
sures at  about  1000  feet,  Including  10  veins  of  -work- 
able coal,  -with  an  aggregate  thickness  of  from  80  to 
100  feet.  There  is  some  doubt  as  to  the  thickness  of 
the  lower  veins,  particularly  B  and  C,  whose  thickness 
we  fiave  not  given.  They  are  generally  estimated  to 
be  over  20  feet  respectively;  but  we  think  they  will 
eventually  be  found  less.  We  are  aware  that  the 
Mammoth,  or  E,  fokls  over  abruptly  in  some  localities, 
and  may  be  mistaken  for  an  underlying  vein ;  but  it 
will  not  be  found  at  any  considerable  depth.  This 
feature  of  the  Mammotli  or  Baltimore  vein  is  fully 
developed  at  tlie  Hollenback  mines,  now  operated  by 
;  s  the  Consolidated  Company,  where  the  slope  on  the  seam 
j  "  ibvuptly  terminates  and  the  bed  itself  turns  back  at 
nearly  the  same  angle.  It  would  confuse  and  interrupt 
our  description  to  explain  this  feature  of  inverted  dips 
here,  but  in  another  place  these  irregularities  of  forma- 
tion will  be  fully  discussed  and  illustrated. 

Prof.  Eogers  places  the  Baltimore  bed  E  as  the 
upper  seam  of  his  lower  series,  and  the  Pittston  four- 
teen-foot vein  E  as  the  lower  bed  of  his  upi>er  series. 
This  is  evidently  an  error,  as  it  is  now  positive  that 
those  two  locally  distinct  names  apply  to  the  same  vein, 
and  that  the  Baltimore  vein  at  Wilkesbarre  is  synony- 
mous with  the  fourteen-feet  vein  at  Pittston,  while 
these  are  in  turn  identical  with  the  Scranton  G  vein 
and  the  Mammoth  or  E  of  our  nomenclature. 

There  is  more  uncertainty  about  the  veins  above  the 
Baltimore  bed,  and  some  obscurity  attending  the  scams 
below;  but  generally  tliey  can  be  recognized  as  identical 
with  the  seams  at  Scranton,  or  those  of  Mabanoy  or 
Pottaville.  We  think  it  probable,  however,  that  the 
"  Primrose"  at  Wilkesbarre  and  Nanticoke  is  H  rather 
than  G,  and  that  both  E  and  G  are  between  the 
Mammoth  and  Primrose  at  Wilkesbarre.  It  is  known 
that  two  seams  exist  in  most  regions  within  this  space, 
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but  one  of  them  is  generally  so  small  as  not  to  merit  a  positioa  among 
workable  veins.  "We  shonld  have  placed  all  the  seams,  both  small  and 
large,  in  our  vcrtital  columns,  instead  of  the  workable  seams  only,  if  it 
had  been  possible  to  obtain  the  necessary  data.  In  the  Potteville  column 
will  be  found  most  of  the  small  intervening  seams,  which  will  be  noticed 
particularly  from  the  fact  of  their  not  being  lettered  or  named. 

The  veins  in  the  Northern  coal-field  all  produce  a  white-ash  coal, — or 
those  which  have  been  worked  to  the  present  time.  We  do  not  know  of  a 
single  instance  in  which  the  upper  or  red-ash  seams  have  been  operateil 
for  the  market.  We  think  it  probable  the  uppei-  seams  in  the  Wyoming 
region  are  of  the  red-ash  variety;  but,  tliough  they  may  be  identical  witli 
the  red-ash  veins  of  the  Potfsville  district,  it  does  not  necessarily  follow 
that  they  must  be  red-ash  also,  since  tJie  causes  produoing  the  coloring  of 
the  ash — the  oxide  of  iron,  Ac — are  local. 

One  of  the  lower  beds  in  the  Wyoming  region,  which  we  have  denomi- 
nated B,  but  which  Rogers  and  others  identify  with  the  Baltimore  bed  E, 
produces  a  red-ash  coal  from  one  of  its  lower  benches,  which  is  a  dis- 
tinguishing feature  of  B,  wherever  found.  The  large  and  magnificent 
Grand  Tunnel  bed,  and  the  Lee  vein  at  Nanticoke,  are  identical  with  B, 


or  the  celebrated  Buck  Mountain.     We  know  there  is  a  diversify  of 
opinion  about  this  matter;  but  we  tliink  the  facts  are  positive. 
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The  Baltimore  bed  E  depreciates  in  size  as  it  runs  west,  but  preserves 
Its  excellence  and  purity;  wliile  the  Grand  Tunnel  vein  B  depreciates 
rapidly  in  both  size  and  character  as  it  spreads  east.  It  is  rather  a  difficult 
matter  to  determine  whether  the  Patten  or  Bennett  vein  at  Plymouth  is 
tffe  Baltimore  or  the  Grand  Tunnel.  We  have  never  personally  examined 
the  Plymouth  district,  and  cannot  speak  from  experience  in  regard  to  this 
question. 

We  give  on  page  181  three  sections  of  the  Buck  Mountain,  Grand 
Tunnel,  or  B  vein,  as  operated  at  the  several  localities  in  the  western  end 
of  the  iield.  It  will  be  found  to  correspond  not  only  in  each  locaUty  in 
the  Wyoming  region,  bat  also  in  the  Lehigh  basins. 

This  is  the  lowest  workable  vein  in  the  anthracite  coal-fields.  At  Nan- 
ticoke  its  petition  is  clearly  defined,  as  resting  on,  or  nearly  on,  the  con- 
glomerate, but  underlaid  by  the  invariable  bed  A,  which  is  always  small 
and  always  on  or  in  the  conglomerate.  At  West  Nanticoke  the  same  con- 
ditions exist.  The  Harvey  and  the  Grand  Tunnel  mines  are  in  this  seam; 
and  here,  as  at  Nanticoke,  it  rests  on  or  near  the  conglomerate,  with  only 
one  small  seam  of  three  or  four  feet  below  it.  The  Baltimore  vein,  clearly, 
cannot  be  the  same,  since  there  are  at  least  four  seams  beneath  it,  as  shown 
in  every  section  we  have  made;  and  our  data  are  in  all  cases  official,  and 
from  the  best  practical  local  sources. 

The  lower  benches  of  B  produce  a  red-ash  coal,  not  only  at  Nanticoke, 
but  at  the  Lehigh  Buck  Mountain  mines,  and  wherever  the  bed  B  is 
operated.  It  is  distinguished  almost  invariably  by  a  heavy  parting  slate 
which  divides  the  vein  near  its  middle.  This  will  be  noticed  in  every 
section  we  have  given  of  this  seam,  except  at  the  New  Boston  mines,  on 
the  Broad  Mountain,  in  Schuylkill  county;  but  even  there  the  character 
and  appearance  of  the  coal  are  the  same. 

We  think,  tlierefore,  that  the  Grand  Tunnel,  or  Lee's  Nanticoke  vein,  is 
not  identical  with  the  Baltimore  bed,  and  that  it  probably  underlies  the 
Bennett  or  Patten  vein  at  Plymouth,  but  in  all  probability  much  depre- 
ciated. In  no  part  of  the  valley  do  the  conditions  necessary  to  the  pro- 
duction of  coal  exist  more  fevorably  than  in  the  vicinity  of  Nanticoke,  or 
between  that  and  Plymouth.  The  lower  veins,  therefore,  attained  a  lai^er 
size  here  than  at  any  other  part  of  the  valley,  or,  perhaps,  in  the  anthracite 
r^ons;  but  whether  the  succeeding  seams  were  formed  in  the  same 
proportion  does  not  appear:  they  have  been  denuded  or  carried  away  by 
the  rush  of  waters  through  the  Nanticoke  defile,  which  occurred  long  after 
the  formation  of  these  coal-seams. 

We  may  here  remark  a  general  law  of  those  early  formations.  In  all 
cases  where  the  basfns  are  comparatively  shallow,  but  not  excessively  so, 
and  the  base-rocks  are  even  and  uniformly  laid  at  low  angles,  the  lower 
beds  are  large  and  productive,  but  the  upper  ones  seldom  appear,  simply 
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because  the  shallow  depths  of  the  measures  do  not  admit  of  their  formation. 
The  Grand  Tunnel  bed  is  laid  on  a  gently  inclining  surfece,  which  mu.'^t 
have  existed  at  no  great  depth  in  the  basin;  when  followed  below  water- 
level,  the  dimensions  and  general  character  of  this  vein  depreciate  rapidly, 
as  demonstrated  at  Lee's  Nanticoke  mines;  and  the  probability  is  that  this 
vein  will  be  quite  lean  and  small  in  the  deep  basins  of  this  vicinity,  as  it  is 
further  east. 

The  Baltimore  bed  was  at  first  worked  as  an  open  mine,  or  quarry,  in 
the  vicinity  of  Wilkesbarre,  where  it  is  very  thick  and  productive.  Tlie 
character  and  purity  of  its  coal  cannot  be  excelled,  and  are  only  equalled  by 
some  of  the  Ashland  and  Lehigh  coals  from  E,  or  the  aame  vein. 

Operations  on  the  Baltimore  bed  commenced  at  an  early  date,  and  most 
of  the  coal  sent  from  the  Wilkesbarre  district  has  been  obtained  from  this 
vein  alone :  yet  but  a  small  amount  of  its  area  has  been  extracted,  Pew 
veins  have  been  more  productive  than  this.  It  is  from  18  to  24  feet  thick, 
and,  consequently,  yields  a  large  amount  of  coal  per  acre.  The  roof,  or  top- 
rock,  is  solid  and  substantial;  the  amount  of  overlying  surface  is  not  great 
in  the  area  operated  on;  while  the  low  angles  of  dip  admit  of  the  coai 
being  worked  without  much  waste,  and  with  great  economy.  As  long  as 
this  vein  remains  productive  at  moderate  depths  from  the  surface,  the 
seams  below  and  above  it  will  remain  in  comparative  idleness,  or  in  an 
undeveloped  condition,  though  some  of  them  are  good,  reliable,  and  pro- 
ductive seams. 


Fm.  41. 

I 


The  Baltimore  or  E  vein,  at  Wright's  mines,  in  Newport,  or  the  lowei 
end  of  the  Wyoming  Valley,  is  rather  less  in  size  than  at  Wilkesbarre 
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but  the  coal  is  excellent.     We  give  tlie  following  notes  in  relation  to  its 
thickness. 

E,  at  Wrtffht's  Mines,  Newporl. 

Feet.        Inohfli, 

Top — hard  elate  and  sandstones 

Coal,  rider,  good 1  6 

Bone  and  slate 0  6 

Coal,  solid  and  pure 10  0 

Before  closing  our  remarks  in  reference  to  the  beds  B  and  E,  we  are 
bound  to  say  there  is  something  inexplicable  to  our  present  comprehension 
in  the  Plymoutli  district.  It  would  almost  appear  that  the  Baltimore  and 
some  underlying  vein  united  there,  or  below  that  point,  to  form  the  Grand 
Tunnel  bed.  We  find  at  the  Cbaunccy  mines  of  the  Uniou  Coal  Company 
the  Grand  Tunnel  vein  divided  by  5  feet  of  slate,  with  9  feet  of  top  coal 
and  10  feet  of  bottom  coal;  while  at  no  great  distance  we  find,  at  the 
Sweatland  mines  of  Langdon  &  Co.,  a  ten-foot  upper  coal,  known  as  the 
Cooper,  and  a  14~foot  lower  coal,  known  as  the  Bennett  vein,  divided  by 
30  feet  of  measures.  But,  as  we  before  observed,  this  district  is  a  terra 
incognita  to  the  writer,  and  all  attempts  to  gain  information  from  those 
who  ought  to  know  have  rtmained  unanswered. 

SECTION  OF  FORMATION  AT  HAKTICOKE,  AS  GIVEN  BY 
COL   WASHINGTON  LEE,  Sr. 

Feet.  Inohea, 

Surface,  coal 4  0 

Coal,  slates,  sandstones,  and  small  scam  12  inches 100  0 

Coal 4  0 

Slates  and  sandstones  (40  to  60) 40  0 

Coal 5  0 

Slates  and  sandstones 60  0 

Coal — Nanticoke  or  Primrose — Gr 7  0 

Slates  and  sandstones 100  0 

Coal — small,  bony  seam,  red-ash — (3  to  4) 3  0 

Slates  and  sandstones  (35  to  50) 40  0 

Coal— forge,  or  Holmes  vein— P 5  0 

Slates  and  sandstones 150  0 

Baltimore  coal— undeveloped '  0 

Slates  and  sandstones 150  0 

Coal— D 5  0 

Slates  and  sandstones 40  0 

Coal— C 4  0 

Slates,  rock,  and  conglomerate 90  0 

Coal-— Lee's  vein,  Buck  Mountain,  or  B 14  0 

Conglomerate — slate 30  0 

Coal— A 5  0 
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Tho  lower  end  of  tlie  Wyoming  Valley,  below  Naiiticoke,  is  known  as 
the  Newport  Valley,  which  is  some  four  or  five  miles  in  extent.  Across 
this  section  of  the  valley  runs  the  transverse  line  of  the  cross-section  which 
accompanies  our  map  of  the  anthracite  fields,  delineating  the  formations 
from  the  old  Lehigh  mines  at  Summit  Hill  to  the  point  hei'e  designated. 

Though  the  valley  does  not  extend  more  than  five  miles  west  of  Nanti- 
coke,  the  basin  pursues  its  course  beyond  Shickshenny, — a  distance  of 
nearly  twelve  miles  from  the  Nanticoke  defile.  At  the  extremity  of  the 
valley  a  dividing  ridge  sheds  the  water  to  tlie  west,  into  tlie  Susquehanna, 
below  Shickshenny.  The  coal-basin  below  Nanticoke  is  but  little  deve- 
loped, but  such  explorations  as  have  been  made  exhibit  tliia  portion  of  the 
field  in  a  fiivorabie  light.  The  coal  is  good  and  well  adapted  for  furnace 
purposes,  and  the  veins  are  of  respectable  dimensions.  A  new  coal  district 
has  recently  been  created  at  Shickshenny  by  the  operations  of  Messrs. 
Carey  &  Hart,  who  are  opening  the  lower  end  of  the  basin  on  a  large 
scale.  They  are  working  on  the  lower  veins.  Fig.  38  is  a  section  of  the 
lowest  workable  one. 

Accompanying  wiU  be  found  the  names  of  the  firms  or  companies 
operating  in  the  Northern  coal-field,  and  the  amounts  shipped  by  them 
during  1864. 


PEODtrCTION   OF   COAL   IN   THE   KORTHERN   COAL-FIELD. 
The  C'arhondale  District. 


Allen  Anderson 1,530 

Stephen  S.  Clark 1,880 

Delaware  &  Hudson  Canal  Co.  875,671 

Elk  HUl  Coal  Co 219 

James  Nichol 2,106 

Kittery  &  Beard 90 

John  Oakly __  J^'^ 

881,756 


Brought  forward,  f 

8.  P. 'Williams  &  Son 

Eaton  &  Co 

John  Jermjn 

E.  Jones  &  Co 

Wm.  &D.  R.  Mooro 

Williams  &  Nichols 


Scr onion   Duirict. 


D.  L.  &  W.  R.  R.  Co 1,215,351 

Hunt,  Davis&  Co 1,628 

Lack'a  Iron  &  Goal  Go 

Sua.  &  Wy'g  Val.  Coal  Co. 

Thomas  G-riffin 

Jermyn  &  Griffin 

John  Hancock 

Kiusted  &  Leach 


90,196 
14,819 


2,230 


1,324,780 


BroQglit  forward,  1,324,780 


Peter  Mills... 

Leander  Vanstoreh 

Charles  W.  Edward 

Daniel  Howel! 

8.  8craQton  &  Co 

A.  8.  WashburD 

Mt.  Pleasant  Coal  Co.,. 
Phjnney  &  Schott 


1,332 
19,719 
5,002 
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a  Coal  Co 828; 

Butler  Coal  Co 30, 

James  Preeland..., 14, 

Murcar&  Co 85, 

Miircur&  Frisliie 79, 

Maryland  Coal  Co.. 25, 

Abram  Price 23, 

G.  B.  ffelsli,  ageut 16, 

Thomas  Waddle 12, 

B.  0.  Kurd  &  Co 6, 

T.  &  W.  Leyshon 19, 

1,141, 


Z>ist>-i<i. 

Brought  forward,  1. 

Thomson  &  Childs 

Hancock  &,  Foley 

Joel  Bowkley 

Joha  Mitchell 

J.  H.  Schwager 

Wyoming  Coal&Tra'n  Co.... 

John  E..  Stark 

Samuel  C.  Wilcoi 

Corbriglit  &  HJiies 

Eodman  Merrit 


141,751 
3,062 


2,675 

24,205 

200 


Wilkeahari-e  District. 


Baltimore  Coal  Co 133,1)53 

H.  B.  Hillman 19,384 

Consolidated  Co 244,680 

David  Mordecai 1,563 

Curtis,  Standish  &  Co 61 

Audenreid  Coal  &  Impr't  Co.  15,703 

Fi'anklin  Coal  Co 29,1^83 

444,727 

Plymouth  and  N 

Ira  Davenport 1,672 

Charles  Hutchinson 5,104 

Uaioa  Coal  Co 11,139 

Bennet  &  Davis 3,087 

S.  C.  Fuller 23,827 

John  B.  Smith 27,423 

William  L.  Lance 2,679 

Grand  Taimel  Ooal  Co 16,297 


Brought  forward,  444,727 
^WaOoalOo....       20,896 


Wyoming  Coal  &  Iron  Co.., 

8.  D.  &H.  M.  Hoyt 

James  1',  Athortou 


Brought  forward,  91,728 

J.  Langdon  &  Co 44,195 

David  Morgan 53,113 

John  S.  Shoak 482 

Shonk&  Lance 3,073 

James  Nicholas 200 

Harvey  Brothers 14,753 

207,544 


ShicJcshenrty  District. 


A.  H.  Church... 
John  Thomas... 
N.T.  Beadie 


.: 2,488 

8,494 
;urna  are  from  the  Com- 
s-Bouks.     The  namea  of  the  miners 
and  shippers  will  he  found  corrected  in  the 
Appeniliix. 


Brought  forward,  8,494 

L.  H.  Watorherry 18 

8,513 

Carhondale 884,587 

Scranton 1,352,821 

Pittston 1,172,370 

Plymouth 207,544 

Total,  3,625,834 
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CHAPTER    IX. 

THE   LEHIGH   COAL-BASINS. 


The  Lehigh  Basina  not  the  old  Lehigli  Mines— Lehigh  Coal-Basina— Sections  at  Tresekow, 
Coleraine,  and  Jean sv ilia— Hnnej brook — Hailetou  Coal-Baain — Barren  MeasurBS — Bock 
Mountain  Bed— Big  Black Creelt— Harleigh— E b o rval e— Jeddo— E cklj— Little  Black  Creek 
— Lower  Black  Creek — Extent  of  the  Lehigh  Basing — Production  of  the  Lehigli  Baeins. 

"We  do  not  propose  to  include  under  this  head  the  old  Lehigh  Summit 
mines  or  the  Room  Run  mines :  they  belong  properly  to  the  first  or 
Southern  anthracite  coal-field,  in  the  eastern  end  of  which  they  are  located. 

Under  the  general  head  of  the  Lehigh  coal-basins  we  include  those  com- 
paratively small  fields  or  basins  of  coal  lying  between  the  first  and  third 
antliracite  coal-fields,  and  to  the  east  of  the  second  or  Middle  coal-field,  in 
which  they  are  sometimes,  though  not  properly,  included.  They  have  a 
separate  and  distinct  existence,  and  are  as  peculiar  in  their  form  aud 
features  as  any  of  our  independent  coal-fields ;  but  they  resemble  each  other, 
in  general  structure,  character,  and  quality  of  coil,  very  closely  They  are 
all  comparatively  nariow,  ind  generally  shallow ,  containing  only  the  lower 
or  whit«-ash  \  ems ,  but  these  are  m  then  most  fa\  orable  conditions  They 
are  lai^,  uniform,  and  pioductue,  and  includt,  the  Mammoth  and  all  the 
underlying  \eins 

Below  ViC  gne  a  trm^veise  "section  of  the  four  piincipil  pinllel  basins, 
with  then  undulitioiis  and  intetmeiliite  bt'-ins  or  ^\nclinil  trouglis 


Figure  42  js  a  oioss  lect  on  of  the  Lehigh  coal  Tiasins  fioi 
the  south   to  Gieen  Mountain  Ijeyond  tlie  Green  Mountain  ba-in  j 
distance  acioaa  those  basms  is  between  six  and  seren  miles,  while  theii 
about  twelve  miles. 

The  Bkavkr  Meadow  Babin  lies  between  Spring  Mountiin,  a,  and  Pismire  Ridge,  d. 
The  section  represents  a  point  near  the  middle  of  the  basin  in  the  vicinity  of  Jeansvillo  ; 
b  is  the  location  of  Tresokow,  on  the  German  Pennsjlvania  Coal  Company's  property,  and 
c  the  position  of  Jeansrille. 

The  Hazlbton  Basin,  e,  is  the  largest  and  deepest  of  the  group,  and  lies  between  Pis- 
mire Ridge,  d,  and  Council  Ridgo,  /. 

Big  Black  Cbeek  Basin,  g,  is  the  next  in  order,  and  is  located  between  Council  Ridge 
and  Black  Creek  Ridge,  h.  Following  these,  to  the  north,  are  the  Littie  Black  Cheek 
Basin,  i,  and  the  Greek  MouHrAin  Basin,/. 


ab,Google 


188  THE    ANTHEACITE   COAL-FIELDS    OF    PENKSYLVANIA. 

The  Green  Mountain  basin  is  comparatively  small  and  not  yet  developed. 
The  principal  basins  in  the  section,  and  in  this,  the  Lehigh  region,  exeept 
the  Lower  Big  Black  Creek  basin,  are  the  Beaver  Meadow,  Hazleton,  Big 
Black  Creek,  and  Little  Black  Creek  basins.  The  Lower  Black  Creek 
basin  is  a  continuation  of  the  Big  and  Little  Black  Creek  basins,  though 
their  continuity  is  probably  broken  at  the  point  of  intersection  by  an  ele- 
vation of  the  conglomerate  which  "throws  the  coal  over,"  in  mining 
phraseology.  A  glance  at  the  accompanying  map  will  be  necessary  to 
obtain  a  comprehensive  and  clear  impression  of  this  group. 

There  are  three  or  four  other  small  patches  of  coal  within  this  cluster 
of  Lehigh  basins  i  one  of  these,  the  Dreck  Creek  basin,  lying  between 
the  Beaver  Meadow  and  Hazleton  basins,  we  have  not  laid  down  on  the 
map,  on  account  of  the  uncertainty  of  its  character  and  the  insignificance 
of  its  size.  We  must  here  remark,  however,  that  this  nari'ow  and  shallow 
trough  of  coal  has  never  been  feirly  tested,  and  we  have  neither  data  nor 
authority  which  would  justify  a  condemnation  of  this  basin. 

Another  of  those  small  narrow  basins  exists  on  the  Big  Tomhickon 
Creek,  which  appears  to  be  a  continuation  of  the  south  fork  of  the  Haj;le- 
ton  basin,  extending  from  its  western  extremity.  This  basin  is  of  more 
importance  than  the  Dreck  Creek  basin,  but  we  believe  it  does  not  contain 
the  Mammoth  vein.  There  are  several  other  small  patches  of  coal  in  this 
vicinity,  of  which,  however,  nothing  very  definite  is  known.  The 
McAuiey  Mountain  deposit  can  scarcely  be  called  a  basin,  as  it  is  on  the 
top  of  a  mountain,  yet  has  the  basin-shape,  and  has  only  been  preserved  from 
the  powerful  denuding  forces  which  broke  up  this  portion  of  the  region 
by  the  heavy  conglomerates  and  sandstones  which  underlie  the  deposit, 
and  which  resisted  the  rush  of  waters.  The  McAuley  basin  is  detaclicd 
from  the  main  group,  and  exists  as  the  most  western  of  the  series,  and 
appears  as  a  prolongation  of  a  coal  formation  formerly  existing  in  tlie  Nes- 
copeck  Valley.  The  evidence  of  the  former  existence  of  coal  to  the  west 
and  northwest  of  the  present  Lehigh  group  is  the  numerous  beds  of  con- 
glomerate which  cap  the  elevations  throughout  this  region.  The  undu- 
lating character  of  the  Umbra!  or  red  shale  strata,  and  their  fine,  soft, 
yielding  nature  tells  the  story  of  destruction  which  the  rocks  around  so 
fully  confirm. 

The  Lehigh  group  occupy  part  of  a  vast  undulating  plateau  that 
formerly  existed  from  the  Nesquehoning  to  the  Nescopeek  Mountains,  and 
which  filled  the  deep  wide  valleys  now  occupied  by  the  Quakeake  and  the 
Nescopeek  streams.  The  blue  color  on  the  map  distinguishes  the  existing 
portions  of  the  conglomerate,  as  the  black  denotes  the  coal.  The  pink 
represents  the  red  shale  or  Umbral ;  and  those  wide  areas  shaded  by  this 
color  were  undoubtedly  once  covered  by  the  blue,  or  base-rock  of  the  coal 
measures,  if  not  the  coal  itself.     The  elevation  of  this  coi^lomerate  plateau 
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is  about  2000  feet  above  the  sea-level,  wbile  some  of  its  deepest  coal-basins 
are  nearly  1000  feet  below  the  surface,  or  only  1000  feet  above  the  sea. 
Yet  the  lowest  part  of  the  deepest  basins  is  far  above  the  surfece-level 
of  the  Pottsville  basins,  which  are  probably  over  3000  feet  deep,  or  2500 
feet  below  the  level  of  the  Atlantic.  Port  Carbon  is  600  feet  above  tide- 
water, and  Hazletoii  about  2000  feet.  The  depth  of  the  basin  beneath 
Hazleton  is  900  feet,  which  still  leaves  a  difference  of  500  feet  between  the 
bottom  of  the  deepest  Lehigh  basiu  and  the  top  of  the  deepest  Schuylliill 
basin. 

The  Schuylkill  basins  were  originally  deeper  than  the  Lehigh  basins; 
but  there  can  be  but  little  doubt  of  the  fact  that  the  surface,  or  rather 
outcrop,  of  the  coal  at  Pottsville  was  at  one  time  on  a  level  with  tlie 
surface  or  outcrop  of  the  coal  at  Haaleton.  The  depression  has  been 
since  the  formation  of  coal,  or,  perhaps,  continued  during  ite  formation. 
The  Lehigh  basins  have  not  been  elevated,  as  some  suppose;  but,  on  the 
contrary,  the  Schuylkill  basins  have  been  depressed,  as  their  steep  angles 
and  reversed  or  overtilted  strata  amply  testify. 

The  area  of  the  present  conglomerate  plateau,  on  which  are  located  this 
group  of  basins,  is  between  150  and  200  square  miles,  while  the  coal  area 
is  between  35  and  50  square  miles.  The  probable  ancient  or  denuded  area 
is  not  less  than  1000  square  miles. 

THE  BEAVER  MEADOW  BASIN. 

This  is  the  first  or  most  southern  of  the  Lehigh  basins,  and  extends  from 
a  point  several  miles  east  of  the  village  of  Beaver  Meadow  to  its  w^tern 
terminus  near  Mount  Alter,  some  two  miles  from  the  Honeybrook  mines, 
the  distance  being  about  12  miles,  and  the  average  breadth  less  than  a 
mile,  with  a  total  area  of  nearly  10  miles.  The  formation  extends  across 
the  Beaver  Meadow  and  Hazleton  Railroads,  a  short  distance  north  of 
Weatherly,  but  is  entirely  devoid  of  coal;  and  the  probability  is  that  little 
coal  exists  east  of  Beaver  Meadow. 

The  mines  in  the  vicinity  of  Beaver  Meadow  were  for  a  considerable 
period  very  productive,  but  being  operated  in  a  primitive  manner,  and 
much  troubled  with  water,  they  have  been  abandoned,  though  fiir-from 
being  exhausted.  To  reopen  them  will  bo  costly,  and  no  one  cares  to  risk 
the  expense  when  virgin  fields  invite  them. 

Above  Beaver  Meadow,  or  between  it  and  Jeansville,  are  the  Colcraine 
mines,  now  worked  by  Messrs.  William  Carter  &  Son.  At  this  point  the 
basin  is  over  1000  yards  wide,  and  contains  three  subordinate  basins  or 
troughs,  besides  one  or  two  small  undulations.  The  depth  of  the  basins 
is  from  500  to  700  feet. 

The  following  vertical  section  ia  a  representation  of  the  measures  both 
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at  Jeansville  and  at  Coleraine,  as  there  is  but  little  difFerence.     At  neither 
place  has  the  Buck  Mountain,  or  B  vein,  been  developed. 

The  section  at  Jeansville  is  nearly  siraiiar,  as  given 
below. 

Feet,  Jauhtis. 

Surface 186  0 


Mammoth . . 


Wharton— D  (8  to  12)  .. 

Slates  and  sandstones 

Coal— C 

Slates  and  sandstones .... 

Unexplored 

Conglomerate 


The  foregoing  figures  are  from  the  north  basins  at 
Jeansville.  The  south  basin  at  Tresckow  differs  slightly, 
a'5  show  n  by  the  following  notes  from  the  data  furnished 
by  M  Dagenhardt,  of  the  German  Pennsylvania  Coal 
Company,  whose  information  is  derived  from  correct 
meaaurements ;  and,  as  it  differs  so  widely  from  tlie  pub- 
lished accounts  of  the  State  geologists,  and  some  of  our 
emmcnt  tugineers,  who  denied  the  exisstence  of  the 
Mammoth  at  this  point,  the  notes  may  be  interesting, 

SECTIONS  AT  TRESCKOW. 

Mammoth  Vein,  E.        Feet.  Inctoe. 

Top  sUt« 

Coal         6  0 

Bone 0  3 

e  BEAVER  MEADO«  Q^^^j ^  q 

Bone  0  1 

Coal* — "poor  man's" 2  0 

Bony  coal 0  4 

Coal 7  0 

Bony  coal  and  slate 1  0 

Coal  (front  4  to  7) _6  ^ 

Coal 25  0 


*  This  singularly  named  Ijenob  of  coal  is  of  good  quality. 
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Surface 

Mammoth  E 

Slates  and  sandstones... 

Wharton,  D....." 

SlateB  and  Bacdstoncs... 

Goal,  C 

Slate  and  rock,  10  to  ... 
Bed  shale 


Vertical  Section. 


(Buck  Mountainf)  Vein  O. 


Goal... 
Slate.. 
Coal... 


Wiarton  Vein,  D. 

m. 

Slate-top 

Coal 4 

Fine,  dark  slate 1 

Coal  4 


Section  of  Mammoth  at  Jeansville. 

Ft. 

Top — hard  rock 

Slate 2 

Coal 1 

Bone 0 

Coal 1 

Coal G- 

•  Sulphur 0 

Coal 3 

Mining,  or  charcoal 0 

Coal,  "poor  man's,"  pure  and  good 2 

Hard  slate 0 

Checkered  coal 1 

Slate 0 

Coal,  very  fine 7 

Hard  slate 0 

Coarse  coal 1 

Bone 0 

Coal ^ 

Coal 24 

Slate,  &c _3 

Total 28 
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SECTIONS  AT  COLERAINE. 

Wharton   Vein,  D. 
Ft.         In.  Ft.      In. 

Coal 4         0    Slate 0         8 

Slate 0         1     Coal 4         0 

Coal 0         6 

Vein  0  (Buck  Mmmtainf). 

Ft.        In.j  Ft.       In, 

Coal 4         0    Coal 3         0 

Slate 1        0  1 

NoTS. — The  Buck  Mountain  bed  is  B  in  all  out  aections,  eioept  where  C  take  its  place ; 
and  lliis  is  always  in  error.  We  think  it  probable  the  bed  here  named  C  is  really  B,  and 
the  C,  and  not  E,  is  the  misBing  seam. 

There  are  five  undulationa,  or  synclinal  axes,  at  Jeansville,  acrosa  the 
basin.  Farther  west  tlicse  synclinals  separate,  and  form  two  terminal 
points  to  the  basin.  Tho  three  southern  troughs  eontinue  on  west,  and 
form  the  deep  and  superior  basins  at  Iloneybrook,  and  the  two  northern 
troughs  or  synclinals  form  the  leas  developed  basins  on  the  old  French- 
town  property. 

At  Honeybrook  the  southern  portion  of  this  basin  is  3570  feet  wide, 
and  IS  divided  by  three  synclinals  or  subordinate  basins,  as  before  stated. 
The  two  southern  basins  are  the  widest  and  deepest.  We  are  scarcely  pre- 
pared for  the  data  here  developed,  or  the  difference  that  exists  between  this 
locality  and  those  farther  east. 

The  total  depth  of  the  measures  is  given  by  Mr.  George  Allen,  the 
practical  and  experienced  superintendent,  at  580  feet.  We  think  this, 
however,  rather  over  than  under  the  correct  thickness,  from  the  fact  that  in 
no  other  portion  of  the  coal  region  do  wo  find  the  distance  to  be  so  great 
from  tho  Mammoth  to  the  conglomerate  or  lower  veins,  as  here  given. 

At  Hazleton  the  distance  from  the  Mammoth  to  the  Buck  Mountain  is 
from  300  to  400  feet.  At  Harleigh,  in  the  Black  Creek  basin,  the  depth 
is  from  400  to  500 ;  but  here,  at  Honeybrook,  it  is  given  as  over  580  feet. 
There  is  room  to  doubt  this,  not  only  from  the  fact  of  its  being  unusual, 
but  because  no  developments  have  been  made  to  prove  it. 

It  is  singular  that  only  two  veins  are  given  in  those  deep  measures  below 
the  Mammoth,  while  in  all  other  portions  of  the  anthracite  coal-fields 
there  are  iAree  and/owj".  In  fact,  four  veins  exist  below  the  Mammoth  in 
every  other  basin  of  note  except  that  of  Carbondale,  and  there  is  no  good 
reason  to  doubt  its  existence  here,  since  the  ground  has  not  been  thoroughly 
explored,  and  there  is  plenty  of  room  for  the  Buck  Mountain  vein.  The 
miners  of  the  Beaver  Meadow  field  or  basin  denominate  vein  C  as  the  Buck 
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Mountain,  whicli  is  everywhere  else  B,  Of  this  fact  there  can  be  no  doubt. 
The  B,  or  Buck  Mountain,  ia  always  the  lowest  workable  vein,  lying  on 
the  conglomerate,  and  overlying  A,  which  is  in  the  conglomerate,  "We 
think  the  fairest  and  best  exposition  of  the  lower  coal  measures  has  been 
made  in  the  New  Boston  basin,  -which  is  similar  to  the  Lehigh  basins,  by 
J.  Louden  Beadle,  Esq.,  who  has  carefully  proved  each  vein  and  measured 
their  respective  distance.  A  reference  to  that  basin  shows  a  strict  con- 
formity with  both  the  Ha5;leton  and  Black  Creek  formations,  as  they  all 
in  turn  conform  to  the  measures  of  the  coal-fields  generally.  There  is 
some  doubt  on  this  subject  among  our  mining  engineers,  but  we  have  forti- 
fied ourselves  with  facts  from  so  many  practical  sources  that  the  proof  ia 
overwhelming ;  that  is,  of  the  general  existence  of  four  veins  below  the 
Mammoth, 

We  therefore  state  it  as  our  belief  that  the  same  number  exist  in  the 
Honeybrook  basins,  where  the  measures  are  found  in  their  fullest  develop- 
ment ;  but  we  do  not  think  the  measures  below  the  Mammoth  are  over 
500  feet  thick. 

The  size  of  the  Mammoth  at  Honeybrook  is  35  feet ;  Fic.  45. 

the  Wharton  10  feet,  and  C  (Buck  Mountain?)  8  feet.  We 
propose  to  give  in  another  portion  of  this  work  a  full  and 
complete  description  of  the  Honeybrook  basins,  as  one 
of  the  most  interesting  localities  iu  the  Lehigh  region. 

We  have  not  intentionally  omitted  the  locality  of  York- 
town,  between  Jeansville  and  Audenreid  or  Honeybrook. 
The  chief  features  of  those  localities  are  so  much  alike 
that  it  would  be  only  a  repetition  to  describe  each  colliery 
in  this  connection.  We  propose  to  mention  the  colliery 
establishments  in  another  portion  of  the  work  and  under 
a  different  connection. 

THE   HAZLETON   BASIN. 

Tlie  town  of  Hazleton  is  near  the  middle  of  the  Hazle- 
ton  basin,  and  is  15  miles  from  Penn  Haven,  on  the 
Lehigh  River,  with  which  it  is  connected  by  rail.  This 
is  the  largest  of  the  Lehigh  basins,  and  is  about  13  miles 
long  by  one  mile  wide  as  a  maximum.  It  contains  about 
10  square  miles  or  coal  formation.  The  eastern  extremity 
is  at  the  old  Buck  Mountain  mines,  some  six  miles  from 
Eockport,  on  the  Lehigh,  and  the  western  point  near  the 
Schuylkill  county  line.  This  basin  lies  in  Luzerne 
county,  while  the  Beaver  Meadow  lies  in  Carbon  and  hj;leton. 

Schuylkill. 

The  accompanying  section  though  the  basin  ai  Hazleton  does  not  reprc- 
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sent  the  measures  above  the  Mammoth,  which  appears  to  be  barren,  with 
the  exception  of  one  email  seam  some  4  feet  in  thickness. 

It  is  singular  that  the  900  feet  of  coal  measures  overlying  the  Mammoth 
here  should  contain  no  workable  coal,  while  in  every  other  locality  in  the 
anthracite  r^ona  the  same  thickness  would  bear  at  least  four  or  five  work- 
able veins,  and  in  some  instances  double  the  number  of 
seams,  small  and  large.  Tlie  strata  and  appearances  of 
the  measures  are  certainly  of  the  coal-bearing  order,  and 
every  indication  would  suggest  the  existence  of  coal  above 
the  Mammoth.  There  are  only  two  solutions :  it  either 
does  exist  and  has  not  been  developed,  or  the  measures 
overlying  the  Mammoth  are  not  in  reality  as  thick  as 
they  would  appear,  but  are  doubled  by  a  singular  process 
at  this  peculiarly  deep  portion  of  the  Hazleton  basin, 
since  it  is  not  generally  as  deep  in  other  parts  as  in  the 
vicinity  of  the  Diamond  mines,  where  the  foregoing 
section  was  taken. 

To  describe  this  peculiarity  would  complicate  the  de- 
scription. It  will  be  found  exemplified  under  the  head 
of  "Faults  and  Irregularities  of  the  Coal  Tormations." 
(See  figure  in  that  connection.) 

The  Buck  Mountain  mines  are  located  on  the  exti'cme 
eastern  point  of  the  Hazleton  basin,  though  a  narrow 
MoTHrriK^^EEo"  anticlinal  divides  the  Buck  Mountain  synclinal  from 
'^  ^tAiN"!*^"!'"''  the  eastern  undulations  of  the  main  basin;  but  it  is  com- 
paratively small,  as  shown  in  our  map  of  the  anthra- 
cite fields.  This  eastern  portion  of  the  basin  is  narrow  and  shallow,  and 
contains  only  one  workable  vein,  which  is  the  celebrated  "  Buck  Mountain," 
orB. 

It  lies  on  the  conglomerate  in  the  same  manner  as  at  liee's  Nanticokti 
mines,  and  is  underlaid  by  the  small  seam  A,  in  the  conglomerate  and  over- 
laid by  C,  which  is  here  a  small,  18-inch  seam. 

The  Buck  Mountain  vein  is  here  over  twenty  feet  in  thickness,  and 
contains  about  16  feet  of  excellent  coal,  which  has  become  celebrated  as 
a  steam  coal  under  that  name.  The  accompanying  illustration,  figure  46, 
gives  a  fair  representation  of  tbe  bed. 

This  vein  has  all  the  characteristics  of  the  lower  workable  coal-bed, 
wherever  found,  in  the  anthracite  fields.  In  the  deep  basins  of  Schuyl- 
kill, however,  it  is  small  and  poor. 

It  is  divided  by  the  accompanying  middle  skte,  as  at  Shickshenny,  Nan- 
ticoke,  and  Grand  Tunnel,  and  wherever  found,  within  our  experience, 
except  at  New  Boston.  The  lower  bench  of  six  feet  produces  a  dark-red 
ash,— so  deep,  in  fact,  that  it  makes  tlie  whole  vein  a  "red-ash  coal"  when 
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mixed,  though  the  top  bench  of  nine  feet  is  white  ash.  This  peculiarity 
of  the  Buck  Mountain  vein  is  also  a  characteristic  of  the  Grand  Tunnel 
and  Lee's  Nanticoke  beds,  which  occupy  a  relative  position  at  the  base  of 
the  coal  measures.  Another  identifying  peculiarity  of  the  lower  coal  of 
this  bed,  wherever  found  in  good  condition,  is  its  density,  tenacity,  and 
conchoidai  fracture, — resembling  the  white-ash  coals  in  this  respect,  but 
differing  from  the  upper  red-ash  coals  generally. 

The  basin  at  the  eastern  extremity  ia  shallow  and  narrow.  No.  2  slope, 
in  operation,  is  abont  270  feet  long  on  an  angle  of  40°.  The  bottom  of 
the  slope  or  basin  is  150  feet  vertical  from  the  surfece.  This  is  in  the  old 
Buck  Mountain  basin,  which  is  elevated  and  on  the  eastern  point  or  side 
of  the  Buck  Mountain,  or  a  continuation  of  Council  Eidge.     The  Black 


ividing  ridge  which 
also  operated, 
ader  the  same 


Creek  basin  lies  about  half  a  mile  to  the  south,  over  a  di 
is  overcome  by  planes.  Here  tlie  Buck  Mountain  vei 
near  the  eastern  extremity  of  the  Black  Creek  basi 
peculiarities  existing  at  the  old  mines. 

About  six  miles  to  the  west  of  Buck  Mountain  are  the  Stockton  mines, 
on  the  Hazleton  Itailroad.  A  branch  of  the  Hazleton  road  connects  the 
Buck  Mountain  mines  at  Clifton  with  the  main  Hazle- 
ton road,  at  its  intersection  with  the  Beaver  Meadow,  a 
short  distance  above  Weatherly. 

Above  the  Stockton,  in  the  vicinity  of  Hazleton,  are 
the  Diamond  mines  of  A.  Pardee  &  Co.,  Old  Hazleton, 
I^aurel  Hill  No.  1,  Laurel  Hill  No.  2,  and  Hazleton 
No.  3.  Farther  west  are  the  Crystal  Eidge  and  Cran- 
berry collieries  of  A.  Pardee  &  Co.  Succeeding  these 
are  the  Mount  Pleasant  mines  of  Taggart  &  Halsey, 
and  near  the  end  of  the  main  basin  are  the  Ashburton 
mines,  recently  opened. 

In  the  gi-eatsit  pai-t  of  the  basin  there  are  two,  and 
sometimes  three,  synclinals.  Even  at  the  Diamond 
mines,  where  the  basin  is  considered  as  single,  or  exist- 
ing in  a  wide,  deep,  and  unbroken  synclinal,  tiicrc  is  a 
sharp,  wedge-like  anticlinal,  that  folds  back  in  a  pecu- 
liar manner  over  the  north  dip  in  such  an  unusual  and 
reversed  condition  as  to  make  the  bottom  slate  of  the 
one  the  top  slate  of  the  other. 

It  will  be  noticed  in  the  sections  of  the  Mammoth 
which  we  give  at  various   localities,  that  this  vein 
varies  considerably  in  composition  or  character,  but      mammoth,  on  e.h  ui.- 
throughout  the  Lehigh  region  is  nearly  uniform  in 
size.     It  generally  contains  from  20  to  30  feet  of  workable  coal,  and  is 
almost  invariably  reliable,  or  in  good  condition  and  extremely  productive. 
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The  amount  of  coal  annually  sent  from  the  Hazlcton  basin,  and  principally 
from  the  vicinity  of  Hazieton,  is  nearly,  if  not  fully,  a  half-miUion  tons. 

A..  Pardee  &  Co.  are  the  lai^est  miners  and  shippers  of  coal  in  the 
anthracite  region,  as  a  private  firm ;  and,  in  connection  with  the  Hazieton 
Goal  Company,  which  is  nearly  synonymous,  or  Pardee  &  Co.,  the  firm 
owns  or  controls  42  miles  of  railroad-track,  17  first-class  locomotives,  1800 
coal-cars,  and  doca  the  shipping  business  of  the  Hazieton  and  Big  and 
Little  Black  Creek  basins,  or  nearly  one  million  tons  per  annum. 


BIG  BLACK  CREEK  COAL-BASIN. 

This  basin  is  now  tapped  or  opened  at  two  different  points.  First,  at 
its  eastern  extremity,  by  the  Buck  Mountain  Coai  Company,  -whose  planes 
descend  into  the  Black  Creek  basin,  or  over  Council  Ridge  from  Clifton. 
This  company  has  two  slopes  in  operation  to  the  bottom  of  the  basin, 
■which  is  here  shallow  and  does  not  contain  over  150  feet  of  coal  measures. 

The  second  avenue  of  the  coal-trade  from  this  valley  is  through  the 
Council  Ridge  tunnel,  which  ia  1023  feet  long,  over  the  Lehigh  Jjuzerne 
Railroad.  This  road  leaves  the  Hazieton  road  at  the  board-yard,  some 
distance  below  Stockton,  and  passes  through  the  tunnel  to  Jcddo,  and 
thence  down  the  valley  of  Big  Black  Creek  to  EbervaJe  and  Harleigh, 
and  from  Harleigh  it  is  continued  around  the  western  point  of  Black 
Creek  ridge  to  Milnesville  in  Little  Black  Creek. 

From  the  mouth  of  the  timnel  a  branch  of  this  road  turns  up  the  valley 
to  Eckley,  which  is  one  of  tlie  most  handsome,  attractive,  and  onlerly 
mining  villages  in  the  coal-regions.  At  Eckley  are  the  mines  of  Messrs. 
Sharpe,  Weiss  &  Co.,  to  whom,  in  feet,  the  village  owes  its  existence. 

Here  the  basin  of  Big  Black  Creek  is  three-quarters  of  a  mile  wide  and 
divided  into  four  synclinal  troughs,  or  undulations,  which  increase  in  breadth 
and  depth  from  the  south  to  the  north  side  of  the  basin.  The  mines  at 
Eckley  are  located  on  the  "saddle,"  or  anticlinal,  between  the  two  first  or 
southern  basins  or  synclinals,  and  consist  of  two  slopes,  one  in  each  basin. 
That  in  the  first  basin  is  on  the  south  dip,  with  an  angle  of  30°,  and  that 
in  the  second  basin  is  on  the  north  dip,  with  an  angle  of  20°.  Each  is 
200  yards  deep,  and  the  basins  they  penetrate  are,  respectively,  125  feet 
vertical  in  No.  1,  and  275  feet  in  No.  2, — the  vertical  depth  varying  with 
the  undulations  of  the  surface. 

The  capacity  of  these  mines  is  about  125,000  tons  annually.  During 
the  year  1864  nearly  110,000  tons  were  produced. 


ci  by  Google 


:    CnEEK    EAWIX. 


Section  of  Coal  Measures  at  Eelday. 


Surface,  125  to  300 

Mammoth,  E 

Slates  and  sandatones,  Small  Seam  of  Ore 

Wharton,  D 

Slat«3  and  sandstones 

Coal,  C 


Buck  Mountain  B  Coal 20 

Slates  and  sandstones 40 

Coal,  A,  in  conglomerate 1 


ria.  49. 


sol 


It  will  be  noticed  that  wc  give  the  size  of  tlie  Mammoth 
in  the  section  through  tlie  coal  measures  as  30  feet  at  Eckley, 
while  in  the  section  of  the  vein  it  ia  less  than  20  feet.     This  difference  ii 
explained  by  tlie  &ct  of  the  vein  being  thicker  in  the  deep 
northern  basins  of  the  valley  than  in  those  now  operated 
on  the  south  side. 

Fig.  49  is  a  vertical  section  through  the  measures  at 
Harleigh,  in  the  Big  Eiack  Creek  basin,  furnished  by 
Alexander  Silliraan,  Esq.  The  surface  measures  above 
the  Mammoth  are  barren  of  coal,  as  usual  throughout  the 
I^ehigh  basins,  and  are  not  given  In  the  section.  Their 
thickness  is  from  150  to  300  feet.  The  coal-basin  here  is 
divided  into  tw6  subordinate  basins  or  synclinals,  with  an 
aggregate  breadth  of  800  yards. 

The  distance  between  E  and  D  in  the  section  is  here 
210  feet;  but  this  varies  considerably  fartlier  up  the 
valley,  and  at  Eckley  is  only  150  feet.  The  lower  veins 
are  thicker  in  the  Black  Creek  region,  generally,  tlian  in 
any  other  portion  of  the  Lehigh  basins. 

The  Wharton  or  Skidmore,  I>,  is  here  12  feet  thick,  and 
a  nameless  vein,  C,  which  is  generally  small,  is  10  feet  in 
thickness.  The  Buck  Mountain  B  is  not  as  large  as  it  is 
found  at  the  old  Buck  Mountain  mines,  at  the  Grand 
Tunnel  in  the  Wyoming  valley,  or  at  New  Boston,  but  is 
lai^er  than  its  average  size,  generally,  in   the   Lehigh 


The  Mammoth  is  here  30  feet  thick,  and  contains  20 
feet  of  workable  coal,  with  10  feet  of  rejected  or  unwork- 
able mine.  The  top,  nine  feet,  is  not  worked.  It  is  very 
productive,  and  mined  with  economy.  The  capacity  of 
tlie  Harleigh  mines  is  100,000  tons  annually;  their  pro- 
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duetion  during  1864  was  60,793  tons.  They  were  operated  last  year  by 
Messrs.  Silliman  &  MeKee,  but  have  siuce  changed  hands,  and  are  now 
(1865)  operated  by  the  Harleigh  Coa!  Company. 

The  mines  at  Ebervale  are  operated  by  Messrs.  Stout,  Van  "Winkle  & 
Co.,  lessees  on  lands  of  the  Union  Improvement  Co.  They  have  three 
slopes:  two  on  the  south  dip  and  one  on  the  north  dip  of  the  Mammoth. 
The  next  in  operation  above  Ebervale  are  the  Jeddo 
mines  of  J.  B.  Markle  &  Co.,  also  on  the  lands  of  the 
Union  Improvement  Company.  Here  there  are  three 
I  slopes  in  operation:  two  on  the  Mammoth,  and  one  on 
the  Buck  Mountain  vein, — all  on  the  south  dip. 

Commencing  at  the  lower  end  of  the   Big   Black 

Creek  basin,  we  find  five  colliery  establishments  in  the 

valley,  viz.:  Harleigh,  Ebervale,  Jeddo,  Eckley,  and 

Buck  Mountain  mines, — the  last  being  on  the  waters 

I  of  Sandy  Creek,  flowing  into  the  Lehigh  to  the  east, 

and  the  former  on  the  waters  of  Black  Creek,  which 

flow  west  and  north  into  the  Ncscopeck  and  thence  into 

,  the  Susquehanna.     The  amount  of  coal  mined  by  the 

j  Lehigh   operators  respectively  will  be   found  in   the 

accompanying  table. 

LITTLE   BLACK  CREEK   BASIS. 

In  the  Little  Black  Creek  basin  there  is  only  one 
operation,  which  is  at  its  western  end  and  is  known  as 
Milnesville.  The  name  of  J.  Fields  appears  as  the 
'  operator  on  three  slopes;  two  on  the  north  and  one  on 
,  the  south  dip  of  the  Mammoth.  This  basin  is  but  little 
developed.  It  is  probably  about  half  the  area  of  the 
Big  Black  Creek  basin,  which  is  about  12  miles  iong 
and  with  an  average  breadth  of  half  a  mile,  containing  six  square  miles  of 
coal  formation;  while  tlie  Little  Black  Creek  basin  is  only  about  seven 
miles  long  by  500  to  800  yards  in  breadth,  containing  two  and  a  half 
square  miles  of  coal  formation,  "  more  or  less." 

The  Lower  Black  Creek  Basin  lies  to  the  west  of  the  two  basins 
just  mentioned,  and  on  the  Black  Creek,  below  the  junction  of  the  big 
and  little  forks  of  the  same,  from  which  are  derived  the  names  of  the  coal- 
basins  over  which  they  flow.  This  lower  basin  is  about  ten  miles  long  by 
800  yards  wide,  and  contains  about  five  square  miles  of  coal  formation. 
There  is  some  doubt  of  the  existence  of  the  Mammoth  in  any  part  of  the 
Lrt>wer  Black  Creek  basin,  but  all  the  lower  veins  are  found  in  large  pro- 
portions and  in  good  condition, — ^the  Buck  Mountain  bed,  in  some  places, 
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being  equal  in  size  to  the  Mammoth.  The  veins  have  been  generally 
proverl  in  this  basin,  but  no  collieriea  have  been  established,  and  no  avenuo 
yet  exists  for  the  transportation  of  its  coal.  The  Lehigh  Luzerne  Rail- 
road is  projected  for  extension  farther  down  the  stream,  and  will  soon  open 
the  upper  end  of  the  lower  basin.  Other  avenues  for  the  transportation 
of  its  coal  have  been  projected:  one  from  Berwick,  on  the  Susquehanna, 
up  the  Nescopeck  and  Black  Creeks,  and  another  from  the  lower  or  western 
end  of  tlie  basin  over  the  mountains  to  the  Catawissa  Railroad,  which  is 
but  a  short  distance  from  this  point. 

The  Green  Mountain  basin  is  a  comparatively  small  body  of  coal,  lying 
on  the  head  of  Sandy  Creek,  which  flows  into  the  Lehigh.  It  may  be 
equal  in  size  to  the  Little  Black  Creek  basin,  but  it  is  yet  undeveloped,  and 
but  little  is  known  of  its  character  or  formation. 

The  remaining  small  basins  of  coal  on  the  lower  branches  of  the  Big 
Black  contain  only  the  lower  veins,  and  these  to  a  limited  extent;  but  such 
coal  as  exists  appears  to  be  good,  and  even  one  of  those  small  basins,  with 
but  a  single  square  mile  of  coal  formation,  and  containing  only  the  lower  or 
Buck  Mountain  bed, — say  12  feet  thick, — would  produce  enough  to  last  a 
single  colliery,  producing  100,000  tons  per  annum,  100  years  or  more* 

COAL  AEEA8   OF   THE   LEUIGH   BASIN-f 

Bq.  MHes. 

Hazleton  Basin,  14  miles  long,  ^  wide.. 10 

Bcavor  Meadow,  11      "       "       I    "    8V 

Big  Bkck  Creek,  12  "       "       1    "    6 

Little  Black  Creek,  7  "       "      I    "     2.} 

Lower  Black  Creek,  10  miles  long,  5  wide 5 

Green  Mountain  Baain,  7  miles  long,  1  wide 2} 

Other  small  basins _^ 

Total  area 37 

Production  of  the  Lehigh  Basins  in  ISGJj.. 

A.  Pardee  &  Co.,  Haaleton  Basin 210,Sfi2 

Honeybrook  Coal  Company,  Beaver  Meadow  Basin 146, 56S 

Paoker  &  Co.,  Hasileton  Basin 143,09(1 

Sharpe,  Weiss  &  Co.,  Big  Black  Creek 109,983 

J".  B.  Markle  &  Co.,      "              "         153,563 

Spring  Mountain  Coal  Company,  Beaver  Meadow  Basin 102,881 

German  Pennsylvania  Coal  Company,  Beaver  Meadow  Basin...  78,402 

Harleigh  Coal  Company,  Big  Black  Creek 60,793 

*  Recent  developmenta  indicate  the  existence  of  E,  or  the  Mammoth,  in  some  of  tJieao 

■j-  The  areas  of  these  basins  are  computed  rb  their  maiimum  eitent.  The  angles  of  tlia 
dips  are  generally  high.  The  masimum  coal  area  is,  therefore,  greater  than  that  given 
above,  and  ma;  exceed  60  square  milea. 
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Buck  Mountain  Coal  Company,  Big  Black  Creek* 73,534 

Smith's  Spring  Mountain,  Beaver  Meadow  Basin 53,110 

John  Fielda,  Little  Black  Creek 60,214 

William  T.  Carter  &  Son,  Beaver  Meadow  Basin 49,181 

Ebervale  Coal  Company,  Big  Black  Creek 52,137 

Taggart  &  Halsey,  Hazleton  Basin 59,391 


Hazleton  Basin 448,383 

Beaver  Meadow  Basin 430,137 

Big  Black  Creek  Basin 415,010 

Little  Black  Creek  Basin 60,214 

1,353,744 

s  from  the  Big  Black  Creek  basin,  and  tho  other  from 
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CHAPTER    X. 

THE  MIDDLE  AHTHEACITE   COAL-FIELD. 

Divisions  of  the  Coal-Field — Transveree  Section — Mabanoy  and  Shamokin  Regions— Locust 
Mountain — Broad  Mountain — Malmnoy  Mountain — Maianoy  Basins — Primrose  Bed — 
Mammoth  Enlargements — Inveried  Dips  at  MoNea.1  Coal  Company,  and  at  Sheuonitoah 
City — Vertical  Section  at  Mahanoy  City — Preston  Sections — Freaks  of  the  Lncust 
Mountain — Locuatdale— Ashland — Coal  Properties  or  Estates — Production — Siiamokin 
Region — Transverse  Section — Coal-Seams — Twin  Veins — Trevorton— -Vertieal  Section  at 
Shamokin—Identity  of  the  Coal-Seams — AYeaues  to  Market — Productions. 

The  Middle  coal-field  ia  divided  bj  the  Locust  Mountain,  and  forms 
two  distinct  regions.  The  eastern  portion,  lying  south  of  Locust  Mountain, 
is  drained  by  the  Mahanoy  Creek,  and  ia  denominated  the  Mahanoy  region ; 
while  the  western  portion,  lying  north  of  the  Locust  Mountain,  ia  drained 
by  the  Shamokin  Creek,  and  is  known  as  the  Shamokin  region.  Both 
streams  empty  into  the  Susquehanna, — the  Shamokin  at  Sunbuiy,  and  the 
Mahanoy  a  short  distance  below,  at  Port  Trevorton. 

The  area  of  the  Middle  coal-field  is  computed  at  91  square  miles;  the 
eastern,  or  Mahanoy  region,  containing  41  square  miles,  and  the  western, 
or  Shamokin  region,  50  square  miles.  The  length  of  the  first  is  about 
25  jniles,  with  a  mean  breadth  of  less  than  2  miles;  and  the  length  of 
the  latter  is  20  miles,  with  a  mean  breadth  of  about  2|  miles. 

The  amount  of  coal  contained  in  the  two  regions  may  be  about  equal, 
notwithstanding  the  dillerence  in  area.  The  basins  are  deeper,  though 
more  narrow,  and,  consequently,  the  angles  of  dip  are  alao  greater,  in 
the  Mahanoy,  This  increases  the  area  of  the  coal  above  the  extent  of 
surface  under  which  it  is  basined.  The  coal-veins  are  alao  thicker  and 
more  productive  on  the  Mahanoy  than  tlie  Shamokin,  as  the  accompanying 
s  indicate. 


MAHANOY  BEGION. 

Figure  51  is  a  transverse  section  of  the  Mahanoy  coal-basina,  including 
the  Broad  Mountain  or  New  Boston  basin;  which,  however,  does  not 
properly  belong  to  this  region,  and  will  not  be  considered  in  connection 
with  the  Middle  coal-field,  but  rather  with  tlie  Broad  Mountain  and  Mine 
Hill  basins  of  the  first  or  Southern  coal-field. 

In  this  illustration,  figure  51,  a  is  the  location  of  the  New  Boston  basin 
on  the  Broad  Mountain ;  b  is  the  position  of  Mahanoy  City,  in  the  upper  - 
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j)art  of  the  Mahanoy  Valley;  c  and  d  represent  the  locations,  respectively, 
of  Middle  Mahanoy  and  North  Mahanoy,  or  the  second  and  tliird  basins  of 
the  Mahanoy  Valley.     The  Shenandoah  basins  are  denoted  by  e,  and  the 


sharp,  inverted  ainfciciinals  of  the  north  dips:  this,  however,  is  also  a  trait 
of  the  formations  at  the  south,  in  the  vicinity  of  Mahanoy  City.  The 
view  is  presented  looking  west, — a  being  south,  and  e  north.  The  Broa^l 
Monntain  here  bounds  the  coal-field  on  the  south  side,  and  the  Locust 
Mounta,in  on  the  north  side. 

Farther  west,  or  down  the  vallej',  the  Mahanoy  Mountain  starts  out 
fram  the  Broad  Mountain  and  forms  the  south  boundary  of  the  coal-field; 
but  at  the  western  extremity  of  the  Mahanoy  region  the  Locust  Mountain 
— croa&ing  the  coal-field  from  its  north  side — intersects  the  Mahanoy 
Mountain,  and  becomes  from  tliis  point  the  southern  instead  of  the 
northern  boundary  of  the  coal-field.  The  Shamokin  Mountain  forms  its 
northern  boundary  from  the  vicinity  of  Centereviile,  or  a  point  nearly 
opposite  Ashland,  where  the  Locust  Mountain  enters  or  commences  to 
cross  the  coal-field.  The  Locust  Mountain  divides  the  field  into  its 
eastern  and  western  divisions  or  regions.  It  is  the  northeastern  boundary 
of  the  Mahanoy  basins,  and  the  southwestern  boundaiy  of  the  Shamokin 
basins. 

The  undulations  of  t!ie  Miihanoy  formations  are  frequent  and  abrupt; 
the  basins  are  deep,  and  the  dip  of  the  veins  is  frequently  over  45°,  and 
sometimes  reversed,  or  both  north  and  south  dips  are  in  the  same  direction, 
as  illustrated  in  the  vicinity  of  Shenandoah  City.  But  these  inverted  dips 
also  occur  in  other  portions  of  the  region,  and,  we  believe,  almost  in- 
variably on  the  south  aides  of  the  basins,  as  we  find  them  in  the  Southern 
field,  and  particularly  in  the  Pottsville  district.  Generally  the  south  dips 
are  regular,  but  range  from  30°,  or  less,  up  to  60°.  From  30°  to  45°, 
however,  is  about  the  mean  of  those  south  dips.  There  is  an  exception  to 
these  inverted  north  dips  along  the  base  of  the  Broad  and  Mahanoy 
Mountains,  or  on  the  southern  extremities  of  tlie  field.  They  occur  locally 
in  the  interior  of  the  field,  or  in  the  central  basins,  and  are  not  general 
even  in  them. 

A  large  amount  of  coal  lies  above  water-level  in  the  Mahanoy  basins. 
The  frequent  undulations  of  the  measures  bring  the  veins  to  the  surface  in 
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G  antidinals;  and  the  hills  or  ridgos  within  the  coal-field  being 
comparatively  high  and  undulating  iu  conformity  with  the  coal  measures, 
the  coal  is  frequently  exposed  above  water-level,  and  made  available  by  the 
numerous  water-courses  crossing  their  strike  and  denuding  the  eoal-strata. 
Iu  this  respect  there  is  a  great  uniformity  between  the  Mahanoy  and 
Schuylkill  basins ;  and  in  the  general  form  and  dip  of  the  veins  and  basins 
themselves  there  is  a  like  conformity.  A  more  general  likeness  exists  in 
form  and  feature,  both  of  surface  and  coal-formation,  tlian  even  between 
the  eastern  and  western  portions  of  the  Middle  coal-field.  The  Mahanoy 
Valley  or  field  is  narrower  than  the  Schuylkill,  and  the  hills  appear  to  be 
higher ;  but  we  think  the  appearance  is  deceptive,  and  that  there  is  really 
little  difference  except  in  the  item  of  breadth. 

In  regard  to  the  veins  there  is  more  difference.  The  lower  veins  in  the 
Mahanoy  are  generally  larger  and  more  productive  than  they  are  in  the 
Schuylkill  region.  The  Mammoth  vein  and  those  immediately  above  it 
do  not  vary  much  from  the  same  veins  here,  except  in  their  uniformity 
and  perhaps  greater  purity.  But  the  veins  below  the  Mammoth  are 
greatly  in  excess  of  the  same  beds  in  the  central  portions  of  the  Scliuylkiil 
region,  and  are  more  in  conformity  with  the  beds  of  the  Lehigh  basins. 

Below  we  give  tivo  sections  of  the  Primrose  or  G,  one  being  the  g 
type  of  the  Mahanoy,  and  the  other  of  the  Schuylkill. 


The  average  size  of  the  Primrose  appears  to  be  about  12  feet  in  the 
Mahanoy  basins.  At  some  points  it  is  larger,  and  generally  in  very  good 
condition. 

Mp.  Prancis  Daniel,  of  the  McNeal  Coal  Company's  Mines,  in  the  North 
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Mahanoy  basin,  gives  the  Primrose  vein  as  16  feet  tliicli  in  that  locality, 
with  15  feet  6  inches  of  pure  coal,  and  not  over  6  inches  of  siate. 

An  enlargement  of  the  Mammoth  takes  place  at  this  point,  which  is 
nearly  equal  to  the  famous  Lehigh  quarry,  and  similar  to  the  Mammoth  at 
Miller's  Shenandoah  City  colhery,  or  at  tiie  New  Boston  mines  on  the 
Broad  Mountain,  of  which  we  have  given  an  illustration  in  the  description, 
of  that  basin. 

These  great  enlai^ments  in  the  Mahanoy  basins  are  generally  on  the 
north  dips,  where  the  veins  are  perpendicular  and  often  double.  We  give 
the  two  sections  of  the  Mammoth  as  proved  in  these  two  collieries.  At 
the  Shenandoah  City  colliery  the  operations  are  on  the  inverted  north 
dips,  and  an  enormous  thickness  of  coal  here  exists  in  a  very  limited  thick- 
ness of  measures.  The  veins  are  nearly  perpendicular,  but  dipping  to  the 
south,  though  they  arc  partly  north-dipping  veins.  They  are  in  the  second 
or  south  basin,  in  the  Shenandoah  Valley.  Of  course,  all  the  veins  in  the 
basin  have  a  south  dip  in  consequence,  but  the  north  dip  is  doubled  back 
on  the  south  dips,  so  that  all  the  veins  in  the  basiu  have  the  appearance  of 
south-dipping  strata.  The  accompanying  illuatration,  figure  54,  will  clearly 
s  this  peculiarity. 


iMy/iM 


This  peculiarity,  we  may  here  state,  is  not  confined  to  this  locality.  It 
is  found  in  the  vicinity  of  Mahanoy  City,  at  the  McNeal  colliery,  north  of 
Locustdale,  below  Ashland,  and  in  many  other  parts  of  the  Mahanoy  re- 
gion. It  is  also  a  form  of  basin  frequently  met  with  in  the  Pottsville  dis- 
trict, and,  in  feet,  throughout  the  Southern  coal-iield.  It  is  not  generally 
favorable  to  the  condition  of  the  coal  or  the  economical  working  of  the 
veins ;  but  sometimes  the  coat  is  found  unaiFected  in  quality  by  the  increase 
in  quantity,  and  the  vein  in  good  workable  state,  though  greatly  changed 
from  its  original  and  ordinary  position. 

This  feature  of  the  anthracite  formation  is  but  imperfectly  understood 
by  our  miners,  and  frequently  occasions  much  trouble.  It  gave  an 
imaginary  existence  to  the  mythical  jugular,  and  men  are  still  found  who 
are  willing  to  spend  their  money  on  the  strength  of  their  faith  in  its 
reality,  though  abundant  proof  has  existed  during  the  last  ten  years  that 
the  jugular  is  simply  an  enlargement  of  the  Mammoth,  oa  the  principle 
set  forth. 
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This  "vexed  question"  will  be  more  fully  explained  under  the  head  of 
"faults  and  irregularities." 
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It  will  be  noticed  on  the  accompanying  map  of  the  anttracite  coal-fielda 
that  a  slender  point  of  the  Mahanoy  basins  extends  far  to  the  east  and 
parallel  with  the  Lehigh  basins,  and  may,  perhaps,  more  properly  belong 
to  that  group  than  to  the  Middle  coal-field,  though  the  entire  eluster  is 
often  included  in  this  field.  This  point  or  slender  finger  of  coal  extenda 
across  the  Catawissa  Railroad  towards  the  extremity  of  Head  Mountain. 
A  considerable  body  of  coal  exists  in  the  most  eastern  basin,  which  is 
several  hundred  yards  in  breadth  and  probably  seven  hundred  feet  in 
depth.  Messrs.  A.  Grey  &  Co.,  of  Wilkcsbarre,  commenced  to  develop 
tills  ba.gin  in  1864. 

The  coal  on  the  south  dip  is  imperfect,  and  the  vein — probably  the  Buck 
Mountain — stands  perpendicular, — the  thickness  of  which  waa  not  Jinown 
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during  oitr  visit,  but  must  have  been  over  20  feet.     If  the  coal  prove  good, 

there  ia  a  considerable  body  of  it  in  the  basin. 

_     ,  Farther  towards  the  centre  of  the  field,  and  on  the 

west  side  of  the  Catawisaa  Railroad,  two  narrow  parallel 
basins  have  been  proved  on  the  lands  of  Alter  &  Stc- 
l)!iens.  Two  of  the  lower  veins  are  here  found  in  work- 
able condition. 

It  does  not  appear  that  the  coal-basins  are  continuous 
at  the  eastern  extremity,  though  the  middle  fork  of  the 
Mahanoy  formation  extends  throughout.  The  con- 
glomerate comes  to  the  surface,  however,  at  several 
points  on  this  slender  extension,  and  interrupts  tlie 
continuation  of  the  coal-basins.  The  extension  is  there- 
fore formed  by  a  succession  of  narrow  and  parallel 
basins,  containing  only  the  lower  beds,  which  deepen, 
widen,  and  become  continuous  as  they  approach  the 
waters  of  the  Mahanoy. 

There  are  five  principal  basins  across  the  Mahanoy 
end  of  the  Middle  coal-field  in  a  line  from  New  Boston 
to  Shenandoah  City.  Within  tliese  basins  are  several 
smaller  undulations  or  rolls,  as  shown  in  the  basin  b, 
figure  51 ,  but  those  rolls  are  local  and  have  no  great 
length  of  strike  or  axis;  and  the  principal  basins  also 
change  in  a  MC'tward  direction,  and  become  mei^ed  in 
basms  of  greater  depth  and  extent.  The  five  synclinals 
of  figuie  51  dei  rease  to  three,  four,  or  five  miles  down 
\  'gbtr'^      ^^  valley,  and  the  foiu-  anticlinal  ridges  decrease  to  one 


in  the  vicinity  of  Giranlsville;  but  though  the  ridges 
which  mark  the  anticlinals  in  the  upper  portion  of  the 
valley  become  depressed  or  die  out,  the  axis  of  one  U 
preserved.  In  plain  mining-phrase,  there  are  five  basins 
and  four  "saddles — besides  small  subordinate  rolls — 
in  the  section  given  from  New  Boston  to  Shenandoah 
(not  including  the  former);  while  at  Girardsville  there 
are  only  three  basins  and  two  "saddles,"  besides  several 
minor  undulations. 

Figure  55  is  intended  as  a  type  of  the  measures  in 
the  vicinity  of  Mahanoy  City,  or  on  the  transverse  line 

of  figure  51.     Owing  to  the  recent  development  of  this 

MtB.NOY  ciTT.  rcgiou,  somc  confusion  exists  in  relation  to  the  veins. 

The  Buck  Mountain,  whose  natural  position  is  B,  appears  as  C  in  the 
column,  "We  are  under  the  impression,  however,  that  tlie  veins  are  right 
and  we  are  wrong,  as  well  as  the  mining  engineers  of  that  section.    But  at 
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present  it  is  impossible  to  place  the  lower  veins  where  they  belong.  That 
there  is  some  error  here  seems  more  probable  than  that  there  is  a  dis- 
placement, since  the  veins  assume  their  proper  relation  in  the  more 
developed  portions  of  the  region,  as  may  be  noticed  in  the  Locustdaie 
section,  west  of  Ashland,* 

On  the  Preston  Coal  and  Improvement  Company  property,  below 
Girardsvilie,  the  Mahanoy  and  Shenandoah  basins  unite,  forming  three 
deep,  comparatively  wide,  and  uniform  basins.  The  Locust  Eidge  and 
Bear  Kidge  anticlinals  become  depressed  in  this  locality,  and,  instead  of  the 
conglomerate  appearing  on  their  axis,  the  lower  veins  pass  over  them  and 
form  a  continuous  bed  from  the  Mahanoy  to  the  Locust  Mountain. 

The  Mammoth  on  this  property  is  in  good  workable  condition,  about  25 
feet  thick.  This  vein  is  generally  most  productive  and  reliable  when 
in  its  natural  dimension,  which  varies  from  20  to  35  feet.  Any  great 
increase  or  decrease  above  or  below  these  sizes  generally,  though  not  inva- 
riably, diminishes  its  value  and  productiveness.  The  Buck  Mountain, 
Skidmorc,  or  North  Vein,  as  it  is  locally  called,  also  exists  in  its  best 


Figure  56  is  a  transverae  eectioa  from  the  Locust  to  the  Mahanoy  Mountain  on  the 
Preeton  estate,  a  little  to  the  wast  of  Girardsvilie.  The  Mahanoy  Mountain  ib  on  the  left 
and  the  Loeust  on  the  right  of  the  section.  The  obserrer  1  ks  watt  a  a  aie  dt  Itb  n 
the  Mammoth  and  Buok  Mountain,  and  supply  the  Pi-eston  coll  ery  No  1  the  breaker  f 
which  ia  located  at  d;  b  is  Preston  colliery  No.  2,  which  is  supplied  by  slope  c  on  lue 
Mammoth ;  e  is  a  wator-level  tunnel,  which  drains  tie  elope  c  j  is  a  small  ba^in  on  n  h  h 
the  Foltton  colliery  is  located.  This  basin  terminates  a  short  distance  weat,  and  the 
workings  of  the  Folkton  colliery,  passing  round  the  west  end  of  the  middle  basin,  enter 
the  left  basin  under  h. 

The  Hunter  colliery,  o,  is  located  about  ono  mile  west  of  the  Polkton  colliery,  anci  ia 
supplied  by  tunnel  h.  The  Folkton  colliery  is  not  located  on  the  section,  but  the  tunnel  at 
i,  apparently  under  the  Hunter  colliery,  though  nearly  one  mile  east,  drains  the  slope  of 
the  Foltton.  The  letters  A,  B,  C,  D,  E,  F,  G,  denote  the  white-ash  seams;  H,  I,  J,  and  K, 
(ha  upper  or  red-ash  seams. 


*  Since  the  above  section  was 
demonstrated  the  fact  that  ihe  i 
really  B. 


I  informed  that  recent  derelopraents  have 
'in  place,"  and  the  one  wc  have  called  C  if 
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dimensions  and  most  productive  condition;  while  the  Primrose  and  one  or 
two  overlying  veins  are  favorably  developed. 

The  coal-fteld  here  is  nearly  two  miles  wide,  which  is  rather  less  than  its 
breadth  five  miles  farther  east;  but  the  amount  of  coal  is  nevertheless 
greater. 

There  is  some  confusion  in  the  identity  of  the  veins  and  the  application 
of  names  in  this  section  of  the  coal-field.  But  we  have  found  so  much 
general  consistency  in  the  relative  positions  of  the  main  coal-veins,  and  so 
much  uniformity  in  the  veins  theraseives,  that  we  do  not  hesitate  to  name 
them  here,  as  elsewhere,  in  their  general  order.  There  are,  however, 
exceptions  taltcn  to  this  order  by  some  of  our  engineers,  as  represented 
in  the  columnar  sections  which  we  have  given.  C  of  our  nomencla- 
ture does  not  exist  in  their  sections  of  this  portion  of  the  coal-field, 
unless  it  exists  as  the  Big  North  Vein.  In  that  ease  B,  or  the  original 
Buck  Mountain,  has  grown  poor  and  lean  at  the  expense  of  C,  which  has 
proportionally  increased  in  bulk.  We  cannot  accept  this  theory  for  fact, 
since  we  find  the  true  relations  ri^tored  in  the  neighboring  basin  of  New 
Boston,  where  the  Buck  Mountain  vein  B  exists  in  its  proper  position  and 
natural  condition.  The  altered  position  of  this  vein  may  be  better  under- 
stood by  a  reference  to  figure  55  in  the  Mahanoy  vertical  section,  where  C 
is  evidently  the  Buck  Mountain  vein,  though  occupying  a  position  much 
above  its  proper  location  in  the  coal  measures. 

The  accompanying  sections  of  the  several  veins  in  the  Preston  tract  will 
testify  strongly  as  to  their  identity.  The  Mammoth,  of  course,  there  can 
be  no  mistaking :  it  is  the  superior  bed  of  the  anthracite  fields,  and  so  pre- 
eminent that  no  other  vein  can  approach  in  magnificence  of  size  or  pro- 
duction. 

The  Buck  Mountain,  below  the  Mammoth,  is  the  next  in  size  and  pro- 
ductive character;  while  the  Primrose  is  the  mtrat  important  seam  above 
the  Mammoth.  Within  this  range  of  the  coal  measures  there  are  seven 
workable  veins,  including  the  three  named,  all  of  which  belong  properly  and 
generally  to  what  are  known  as  the  white-ash  coals;  though  the  lower  bench 
of  the  bed  B  is  invariably  red-ash,  and  sometimes  of  a  deep-red  color,  as 
noticed  in  our  description  of  the  original  Buck  Mountain  vein,  page  194, 
Chapter  IX .;  while  the  Primrose  is  generally  considered  as  a  pink  or  gray- 
ash.  The  Primrose  bed,  or  G,  is  generally  from  12  to  14  feet  thick  on  this 
property,  and  is  sometimes  found  pure,  without  slate  or  bone.  It  varies, 
however,  from  10  to  20  feet  in  thickness,  and  frequently  contains  small  part- 
ings of  bone. 

The  Mammoth  bed,  E,  is  here  about  25  feet  thick,  and  in  very  fine  con- 
dition, as  shown  by  the  accompanying  section. 

The  Skidmore  bed,  D,  ia  not  fully  developed  on  this  property ;  and  we 
could  not  get  a  perfect  section. 
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Prof.  Lesley,  in  his  report  to  tlie  company,  marks 
the  Skidmore  as  the  "  Ten-foot,"  and  calls  B  the  Skid- 
more,  which  is  also  a  mistake  fallen  into  by  Mr.  Shcafer, 
from  the  imperfect  development  of  the  locality  and  the 
region  generally,  as  both  these  gentlemen  are  eminently 
practical,  and  ^miliar  with  our  coal-fields. 

Bed  C  has  not  been  developed  here,  but  it  undoubtedly 
exists.  "We  have  before  stat«d  that  this  is  a  comparatively 
small  and  irr^ular  seam,  but  a  persistent  one,  and  en- 
titled to  a  place  in  our  columnar  sections. 

Bed  B,  the  old  Buck  Mountain  or  "North  vein,"  as 
here  locally  known,  is  developed  in  fine  condition,  as 
shown  by  the  section.  It  ranges  from  15  to  20  feet  in 
thickness,  producing  most  excellent  coal.  We  doubt  if 
this  bed  exists  in  any  other  locality  in  better  condition. 

A  is  found  below  B  in  its  proper  size  and  condition. 
It  is  known  as  the  "rough  vein,"  and  is  about  50  feet 
below  B,  in  the  conglomerate. 

The  vertical  distance  from  B  to  E  is  about  250  feet, 
• — perhaps  more ;  thus  giving  ample  room  for  C  and  D. 
Above  the  Mammoth  150  to  200  feet  lies  the  Primrose, 
or  G;  and  between  them  is  the  small  seam  F,  or  the 
Holmes.  The  order  in  which  the  seams  are  distributed 
may  be  seen  in  figure  56,  which  conform  to  the  positions 
and  order  of  our  general  sections.  The  peculiarity  of 
the  formation,  however,  gives  more  red-ash  seams  here, 
perhaps,  than  in  any  other  portion  of  the  Mahanoy 
region,  as  may  be  noticed  in  this  transverse  section. 

One  of  the  Mahanoy  basins  terminate  west  of  Preston. 
The  main  or  south  basin  is  the  only  one  continued  to 
the  extremity  of  the  Mahanoy  region,  where  the  Ma- 
hanoy and  Locust  Mountains  intersect.  The  north 
basins  die  out  about  midway  between  Locnstdale  and 
the  westcni  termination  of  the  south  basin,  or  overlap 
the  Locust  Mountain. 

We  may  here  remark  the  existence  of  the  third  basin 
at  Preston  as  drained  by  the  Big  Mine  Eun,  opposite 
Ashland,  which  may  be  called  the  CentrevJllo  basin  in 
that  vicinity ;  but  this  basin  properly  belongs  to  the  Sha- 
mokin  region,  rather  than  to  this  portion  of  the  Mahanoy 
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since  they  are  diviJed  at  Locustdale  by  the  Locust  Mountain,  and  drained 
by  diiferent  streams  running  reversely.  But  on  the  Big  Mine  Run  and  on 
the  Preston  property  the  Locust  Mountain  becomes  simply  Locust  Ridge, 
which  is  overlapped  by  the  coal,  and  the  mountain-range  north  of  Locust 
Hidge  there  receives  the  name  of  Locust  Mountain.  The  same  occurrence 
takes  place  west  of  Locustdale,  or  at  Locust  Gap,  where  the  coal  again 
overlaps  the  dividing  ridge,  as  it  does  to  the  east.  The  name  applied  to 
tliis  dividing  ridge  is  geologically  and  topographically  a  misnomer.  It 
takes  its  rise  at  the  eastern  end  of  the  basin,  and  divides  the  Shenandoah 
from  the  Mahanoy,  as  the  Locust  Ridge,  and  runs  parallel  with  Locust 
Mountain  as  far  as  Big  Mine  Run  under  this  title,  and  nearly  as  far  as 
Mt.  Carmel,  in  fact.  But  from  Big  Mine  Run  this  ridge,  which  rises 
and  sinks  alternately,  is  dignified  with  the  name  of  "Locust  Mountain," 
though  that  mountain  really  exists  a  mile  to  the  north,  and  continues  in  a 
direct  line  many  miles  to  the  west,  parallel  with  the  ridge  wliich  from  Big 
Mine  Run  usurps  its  name.  But,  more  singular  still,  on  crossing  the 
coal-field  these  hiils  obtain  a  title  to  the  Mahanoy  Mountains ;  and  that 
long  range  which  bore  the  name  of  Mahanoy  appropriately,  resigns  it  to 
this  usurping  ridge. 

The  topography  of  the  field  does  not  justify  this  change  of  names,  and 
(he  geological  formations  arc  distinctly  opposed  to  it,  since  the  axes  of  both 
synclinals  and  anticiinals  are  parallel  and  cross  the  ridge  obliquely  where 
it  traverses  the  field.  The  name  may  have  been  locally  and  primitively 
applied;  but  it  is  nevertheless  a  misnomer,  and  tends  to  confuse  both  the 
topography  and  geology  of  the  section. 

Figure  58  is  a  representation  of  the  field  at  or  in  the  vicinity  of  Locust- 
dale.  It  is  generally  considered  as  composed  of  two  basins ;  but  the  north 
|)asin  is  really  divided  into  two  distinct  basins  or  synclinals.     Via  uiav 


here  notice,  in  order  to  make  our  description  plain,  that  the  Ijocust  Ridge, 
on  the  right,  divides  the  Mahanoy  from  the  Shamokin  region  at  this  point 
by  an  unusual  elevation  of  the  conglomerate  and  red  shale;  while  botli 
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east  and  west,  at  Locust  Gap  and  Preston,  this  elevation  is  depressed,  and 
the  coal  overlaps  the  mountain,  forming  a  continuous  field.  The  north 
basin  is  here  separate  and  distinct  from  the  Mahanoy  region,  and  forms  the 
south  basin  of  the  Shamokin  region,  as  illustrated  in  figure  61,  representing 
the  West  Miihanoy  and  Shamokin  regions,  c  being  tlie  Locust  Mountain, 
so  called. 

In  the  section  as  above  given,  we  have  not  represented  a  small  roll  on 
the  southern  outcrops,  as  developed  at  Bancroft's  Pioneer  Colliery,  and 
referred  to  in  a  previous  page.  It  is  here  insignificant,  and  evidently 
"dying  out,"  or  disappearing  from  the  basin,  and  is  not  sufficiently 
developed  to  justify  an  accurate  delineation. 

The  iliustratiou  we  have  given  of  the  Loeustdale  basins,  in  figure  58,  is 
in  strict  aecoi-dance  with  present  developments,  but  does  not  strictly  agree 
with  the  opinion  of  those  who  are  practically  familiar  with  the  basin.  In 
their  opinion,  the  basin  is  much  deeper  than  portrayed;  and  this  opinion 
is  based  on  sound  principles, — the  increasing  angle  of  dip  as  the  workings 
descend,  and  the  angle  of  the  strata  in  the  centre  of  the  basin,  denoting 
that  the  dip  of  the  veins  is  greater  towards  the  centre  of  the  basin  than  on 
its  outcrops. 

We  have  given  the  angles  as  now  developed, — 45°  on  the  south  dip,  and 
70°  on  the  north  dip;  but  the  probability  is' that  an  aven^  of  70°  would 
approximate  the  general  inclination.  The  basin,  therefore,  instead  of  a 
thousand  feet  of  perpendicular  depth,  is,  in  all  probability,  over  2000  feet 
vertical  from  the  surface. 

We  find  in  this  conformity  one  of  the  conditions  of  that  depression  and 
lateral  contraction  which  we  endeavored  to  illustrate  in  figure  6.  It  would 
be  impossible  for  the  immense  mass  of  coal  existing  in  tliis  deep  basin  to 
have  been  created  on  angles  of  such  great  acuteness.  The  coal  must  have 
been  ibrmed  under  far  different  cireunistances.  It  is  uniform  in  cliaraeter 
and  quality;  while  the  veins  are  in  their  best  workable  dimensions. 

Figure  69  illustrates  the  workable  veins  of  this  basin.  They  are  ail  found 
*'in  place,"  and  are  consistent  with  the  formations  of  other  regions.  The 
Euck  Mountain  vein,  or  B,  Js  in  good  size  and  condition,  and  tlie  Skid- 
more,  D,  is  also  finely  developed.  This  vein  ranges  from  7  to  12  feet  in 
thickness,  but  its  best  or  most  productive  and  reliable  thickness  is  10  feet. 
The  JMammoth  here  is  only  25  feet  fciiick,  but  is  uniform  and  unusually 
free  from  impurities,  as  shown  by  figure  60.  As  before  remarked,  this 
great  bed  is  generally  most  productive  and  reliable  when  within  its 
medium  dimensions,  or  from  20  to  35  feet  in  thickness.  At  Loeustdale 
its  conditions  are  extremely  favorable,  and  the  natural  advantages  offered 
have  been  made  practically  available  by  the  skill  and  experioneo  of  the 
management. 

The  mode  of  mining  known  as  the  "run"  i.s  bei'o  adopted  with  much 
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economy  Tlie  solid  nitnre  of  the  ■suponneumbent  strata,  and  the  more 
immediate  top  late  render  this  mode  available  here  in  an  eminent 
d  gree  while  the  purity  of  the  vein  enables  the  miners 
to  send  to  the  ^urfn^e  the  entire  production.  When  the 
1  igk  19  over  40°,  and  the  conditions  are  aa  favorable  as 
at  thia  lotihtv  the  mode  known  as-the  "run"  is  the 
mo'it  economical  that  can  be  practised.  But  when  the 
angle  is  too  low  to  permit  the  coal  to  descend  the  dip 
of  the  vein  by  its  own  gravity,  or  the  top  slate  is 
"rotten,"  and  falls  with  the  coal,  or  when  the  coal 
itself — the  vein — is  impure,  this  mode  cannot  be  made 
use  of  to  advantage.  In  tlie  first  place,  because  the  coal 
will  not "  run ;"  and,  in  the  second,  the  impurities  falling 
and  mixing  with  the  coal  render  the  whole  impui-e 
and  unfit  for  market.  AVe  shall  notice  this  mode  more 
fully,  in  connection  with  other  modes,  under  the  head 
of  Economical  Mining;  while  a  more  extended  notice 
of  the  Locustdale  colliery  and  improvements  will  be 
[98:^X1:  found  in  the  Appendix,  as  we  consider  them  the  most 
perfect  and  extensive  mines  in  the  anthracite  r^ioiis. 

Figure  60  illustrates  the  Mammoth  in  this  locality, 
and  is  a  general  type  of  this  great  bed  in  the  western 
portions  of  the  Mahanoy  region.  It  is,  however, 
thicker,  and  perhaps  equally  pure,  in  the  vicinity  of 
Ashland  and  on  the  Locust  Mountain  Coal  &  Iron 
Company's  property  generally.  The  large  and  valuable 
estates  owned  by  the  Preston  Coal  &  Improvement 
Company,  the  Locust  Slountain  Coal  &  Iron  Com- 
pany, the  Bi-ock  estate,  the  Locustdale  Coal  Company, 
ind  the  Bhcl  Diamond  Coal  &  Iron  Company,  art 
among  the  mr  t  \aluable  coal  pioperties  in  the  anthra 
ite  regions  They  are  located  in  the  western  end  of 
tlie  region  whi  h  we  think  is  generally  more  reliable 
than  the  eastern  end  though  the  veins  are  frequently 
hrger  in  that  dire(.tion  as  noticed  m  several  localities 
But  Me  cannot  justly  make  eompari'sons  since  the 
eastern  section  is  less  developed  than  the  western  while 
the  coals  of  each  enjov  a  high  reputation  for  their  fine 
appeiranee  and  excellent  quality 

We  ha\e  tound  much  hffitulty  in  obtaining  data  in 
relation  to  the  colliery  establishments  but  think  ve  are 
generally  coirect  in  the  cla=sifi(ation  of  names  and  pio 
"      °'  ^  duetions  for  18t>4     The  region  is  not  naturallj  dn  idcd 

into  districts,  and  the  coa!  pursues  no  special  a\enue  to  maiket     There 
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are  four  railroail  lines   leading  from   the  Ma]ianoy  region.     Tlie  first, 
commencing  at  the  western  end,  is  by  the  Mine  Hill  &  p^^  g^ 

Schuylkiil  Haven  Eailroad  and  planes,  which  ascend  and 
cross  the  Broad  Mountain  some  distance  below  Ashland. 
The  second  line  is  the  Mahanoy  &  Broad  Mountain 
Eailroad  and  planes,  which  ascend  and  cross  the  Broad 
Mountain  some  distance  above  Girardsville,  and  descend 
by  way  of  Mill  Creek  and  St.  Clair,  The  third  line 
penetrates  to  the  eastern  end  of  the  basin  from  the  direc- 
tion of  Tamaqua,  through  the  Hossasock  Mountain  by 
tunnel.  This  line,  the  East  Mahanoy,  connects  witli  the 
Catawissa  a  short  distance  above  Tamaqua,  and  termi- 
nates at  or  near  Mahanoy  City,  a  distance  of  thirteen  miles. 

These  lines  are  now  under  the  control  and  management 
of  the  Philadelphia  &  Heading  Railroad  Company,  to 
whose  line  tliey  are  large  feeders. 

The  fourth  line  is  the  Lehigh  &  Mahanoy,  and  extends 
.from  the  Black  Creek  junction  with  the  Beaver  Meadow 
Railroad  to  Mount  Carmel,  via  Shenandoah  and  Centre-       """"  "  locust- 
ville,  with  a  branch  to  Mahanoy  City.    This  line  promises 
to  be  an  important  outlet,  as  it  opens  the  market  direct  by  rail  to  New 
.  York.     This  road  is  40  miles  in  length,  and  has  some  14  or  15  miles  of 
connecting  branches  to  the  mines. 

LtST  OF   THE   MINERS  AND  PRODUCTION   OF   THE   MAHAHOX  REGION,  1804.« 
Tons.  Tons. 


Repplier  &  Hoodie 

Locnstdale  Coal  Company.... 

126,000 
113,641 
107,726 
105,040 
81,097 
70,474 
68,918 
68,218 
67,138 
67,088 
56,706 
56,574 
65,028 
53,085 
43,000 
42,634 
39,559 

Hill&  Hams 

Suffolk  Coal  Company 

F.  J.  Anspach  &  Co 

.       35,654 

.       28,106 

22  141 

John  Jone. 

St.  Nicholas  Coal  Company.. 

14  951 

C.  Garretson 

Preston  Coal  &  Impr't  Co.... 
S  M  Freck  &  Co 

10  764 

Mahanoy  Coal  Company 

Wm.  H.  Shaefer 

7,647 

GlennTille  Coal  Company.... 

7,239 

1,093 

Gilberton  Coal  Company 

214 

Wi^an  &  Treibles 

J  &  E  Silliman             .    .  . 

Am'tseiitoverP.&R,K.] 

i.  1,425,068 

*  The  location  of  the  mines  respeotiyely  producing  this  coal  will  be  found  on  our  mlip 
of  the  coal-fielda.     There  are  oiianges  in  namea  and  firms  which  will  also  be  noticed. 
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In  addition  to  the  above,  132,808  tons  were  sent  from  this  region,  via 
the  Lehigh  &  Mahanoy  Railroad,  direct  to  New  York,  by  the  following 


.J.&  O.O.Bowman 39,212,01 

Alfred  LawtoD  &  Co 37,206.06 

Eatliburn  &  Oaldwell 12,669.11 

M.  Barry  &  Co 2,385.12 

McNeal  Coal  Company 31,076,11 

Fowler  &Huhn 230.06 

Shoemaker  &Co 267.12 

S.&  P.  Brooks 104.19 


9,641.15 
10.00 


W-  F,  Patterson 

J.  &  E.  Silliman ^ 

Amount  sent  over  the  L. 

&  M.  R.  R 132,808.05 

Amount  above  stated....  1,425,068.02 
Total  from  Mahanoy  re- 
gion in  1864 1,557,876.05 


THE   SIIAMOKIN   UEGIOK. 

This,  as  we  before  stated,  ia  the  western  end  or  portion  of  the  Middle 
coal-field,  and  is  perhaps  the  "lai^est  half,"  though  the  field  is  nearly 
equally  divided  by  the  Locust  Eidge  or  so-called  Mountain.  The  eastern 
or  Mahanoy  region  is  estimated  to  contain  41  ai^uare  miles  of  coal  area;  while 
the  western  or  Shamokin  region  is  put  down  at  50  square  miles  of  coal  area, 
— the  total  area  of  the  field  being  91  square  miles.  This  portion  of  the  field 
is  wider  in  its  centre  than  the  eastern  portion,  and  the  undulations  are  more 
numerous,  but  they  are  not  generally  so  abrupt  or  their  angles  so  gj-eat. 
There  are  exceptions;  but  the  basins,  as  a  rule,  are  neither  as  deep  nor  as 
steep  in  their  dips  as  those  of  Mahanoy.  The  accompanying  illustration, 
figure  61,  will  portray  this  difterence  as  compared  with  figure  51. 


Figure  61  represents  a  section  across  the  western  end  of  the  Mahanoy 
region  and  the  central  portions  of  the  Shamokin  r^on.  The  Mahanoy 
Mountain  is  on  the  left;  a  is  the  Locustdale  basin,  west  of  that  point;  6 
is  the  Bear  llidge  anticlinal;  and  c  the  Locust  Ridge,  or  so-called  Moun- 
tain; d  is  the  central  or  deep  basin  of  the  Shamokin  r^ion;  and  e  the 
location  of  the  town  of  Shamokin ;  while  the  mountain  on  the  right  end 
of  the  section  is  the  Shamokin  Mountain.  The  breadth  of  this  portion 
of  the  field,  or  the  Shamokin  region,  is  from  e,  or  the  Locust  Mountain, 
to  the  Shamokin  Mountain,  a  distance  of  three  miles  or  over. 

Though  the  basins  of  this  section  are  less  in  depth  than  those  of  Ma- 
hanoy, and  more  uniform  in  dip,  with  lesser  angles  of  inclination,  their 
"strike"  or  prolongation  on  uniform  axis  is  much  leas  regular  and  reliable, 
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and  the  size  and  character  of  the  veins  are  depreciated.  The  coal  ia  gene- 
rally very  good,  but  the  veins  are  smaller,  and,  consequently,  less  produc- 
tive, in  the  central  and  western  parts  of  the  region.  But  in  the  southern 
part,  or  north  side  of  the  Locust  Mountain,  they  have  the  same  dimensions 
and  excellence  which  distinguish  them  on  the  south  side  of  the  mountain; 
but  they  depreciate  in  size  and  character  to  the  north  and  west.  The  coal 
becomes  softer,  particularly  at  the  western  extremity,  or  at  Trevorton, 
where  it  assumes  the  character  of  a  semi-anthracite.  But  though  the  scams 
are  less  in  size,  they  are  more  in  number,  and  have  the  appearance  of 
having,  in  some  instances,  been  divided.  This  is  manifestly  the  case  with 
the  Mammoth,  which  is  here  known  as  the  "Twin  veins."  There  are 
also  several  indefinite,  irregular,  and  unreliable  veins  in  the  conglomerate 
below  the  position  of  A;  but  to  these  we  shall  pay  no  attention,  because 
they  are  merely  local  deposits  and  have  no  uniform  existence  or  consistent 
place  in  the  anthracite  coal  measures. 

We  are  guided  more  by  tlie  developments  and  investigations  of  William 
H.  Marshall,  Esq.,  of  Shamokin,  and  the  practical  experience  of  the  older 
operators,  in  regard  to  the  formation  of  this  region,  than  by  the  geology  of 
the  field  by  Professor  Rogers.  But  we  may  here  state  a  fact  which  our 
readers  may  notice.  We  have  followed  no  predecessor,  and  copied  no 
stereotyped  opinions  or  theories,  but  have,  with  much  labor  and  perse- 
verance, collected  the  data  we  have  used  from  hundreds  of  practical 
sources,  and  have  endeavored  to  evoke  system  and  uniformity  out  of  the 
heretofore  confused  and  diversified  character  given  to  our  coal-fields.  We 
have  thoroughly  identified  the  seams,  and  shown  ii  consistent  uniformity 
throughout  the  anthracite  regions.  Yet  we  must  confess  an  uncertainty 
and  doubt  in  our  classification  within  this  region.  The  veins  are  less 
characteristic,  and  present  few  of  the  identifying  types  we  meet  in  other 
regions;  but  this  peculiarity  is  perhaps  more  local  than  general,  and  our 
lack  of  personal  familiarity  with  the  entire  region  may  prevent  a  proper 
appreciation.  As  formerly  stated,  we  have  every  reason  to  believe  the 
coal-seams  are  consistent  throughout  the  anthracite  regions,  and  occupy, 
respectively,  a  uniform  place  in  the  coal  measures.  We  have,  therefore, 
taken  the  Mammoth  or  Twin  veins  as  a  base,  and  applied  our  nomen- 
clature here  as  elsewhere,  omitting  the  seams  found  in  the  conglomerate 
below  A,  since  those  veins  are  not  consistent  even  here,  and  are  not  found 
generally  in  any  other  portion  of  the  anthracite  fields.  Rogers  makes  E, 
or  the  Twins,  his  eighth  and  ninth  veins,  independent  of  a  small,  irregular 
seam  found  fiir  down  in  the  conglomerate,  which  he  names  "  zero."  We 
have  not  represented  the  two  lower  scams  as  found  at  Trevorton  or  Zerbe's 
Gap,  and  liave  only  traced  the  third  and  fourth  in  the  conglomerate 
below  A. 

To  account  for  this  increase  of  the  seams,  we  can  only  give  the  theory 


ci  by  Google 


r^sdf^ 


216  THE    ANTHRACITE   COAL-PIELDS   OF    PENNSYLVANIA. 

of  division,  or  a  splitting  of  the  beds,  as  in  the  case  of  the  Twins.  The 
lower  coal-beds  a,re  invariably  divided  by  heavy  slates,  as  in  the  ease  of 
Fio  62  ^^  Buck  Mountain;   and   the  probability  is  that  the 

elates  have  increased  in  thickness  and  widely  separated 
the  seams  wliicli  are  counted  as  a  unit  in  other  fields  or 
regions. 

Figure  62  is  a  vertical  section  obtained  from  develop- 
ments made  at  the  Burnside  colliery,  two  miles  south  of 
Sliamokm,  and  from  data  furnished  by  William  H. 
Marshall,  of  Shamokin.  It  appears  to  be  a  general  type 
H  ^^^^^1  of  the  central  basins,  though  not  a  Mr  representation  of 
flie  southern  basins,  or  that  portion  of  ^^^  ^^o 

the  field  in  the  vicinity  of  Locust  Moun- 
tain, which  partakes  of  the  character 
of  the  Mahanoy  region;  nor  does  it 
proBont  a  correct  representation  of  the 
western  end  of  the  field,  in  the  vicinity 
of  Trevorton,  where  the  veins  arc  rather 
thicker  than  those  shown  in  this  section. 
We  tliink,  however,  it  is  about  as  fair 
a  type  of  the  central  portions  of  the 
Shamokin  region  as  can  be  offered;  but 
the  beds  are  better  and  more  productive 
in  the  Mount  Carmel  basins,  including 
the  Locust  Ridge  anticlinal,  than  those 
portrayed  in  figure  62.  The  Mammoth, 
westwardly,  maintains  its  twin  form,  but 
in  the  eastern  and  soutliem  portion--  it 
is  consistent  with  its  general  size  and 
dimensions,  or  divisions,  and  is  \eiy 
productive  in  coal,  and  excellent  in  the 
quality  of  the  same.  At  or  near  Tre- 
vorton the  Twins  consist  of  two  large 
veins,  Nos.  VIII.  and  IX.  of  Rogers, 
each  from  16  to  20  feet  in  thickness, 
and  divided  by  a  considerable  body  of 
slate  and  rock,  of  indefinite  thickness, 
.icy  ,?^^  '^"t  enough  to  entitle  the  Twins  here  to  be  ranked  as 
venTictLsecTioNNEaH     separate  and  distinct  beds. 

SHAMOKIN.  Farther  east  they  depreciate  in  size,  but  come  closer 

together.  The  Twins  in  the  vicinity  of  Shamokin  range  from  7  to  9  feet 
thick  each,  and  are  divided  by  rock  and  slate  which  varies  from  10  to  30 
ftet  in  thickness.     The  accompanying  illustration,  figure  63,  will  convey  a 
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general  impression  of  the  character  and  form  of  the  Twins,  or  Mammoth, 
in  this  locality.  It  is  not  singular  to  this  region,  as  we  find  the  same 
splitting  process  in  effect  at  Mount  Laffee,  in  the  Schuylkill  region,  and  at 
several  other  points.  But  it  is  not  the  normal  condition  of  the  Mammoth, 
and  may  be  considered  a  serious  imperfection  wherever  found. 

There  is  considerable  vai'iation  in  the  relative  sizes  of  the  Twins;  hut 
generally  the  lower  portion  of  tlie  vein  is  the  largest,  and  varies  from  8  to 
20  feet  in  thickness.  The  upper  section  is  also  vai'iable,  and  ranges  from 
6  to  16  feet  in  thickness. 

We  give  a  concise  description  of  the  order  and  size  of  the  veins  as 
developed  in  the  Trevorton  district, — adapting  the  nomenclature  of  that 
region  with  that  used  in  figure  62,  with  which  it  may  be  compared  for  a 
proper  conception. 

Relative  Sizes  and  Position  of  the  Coal-Beds  at  Trevorton. — South  Dips. 
Coal     0.     "Zero" — 0  to  9  feet  in  thickneas,  unreliable  and  unproductive;  slaty 

"  1,  West  side  of  gap  9  feet  thick,  red-ash,  impure,  unreliable,  and  fre- 
quently "pinched  out." 

"  2.  West  side  of  gayi  jtiimhed  oat;  east  side  8  feet  thick;  three-fourths 
dirt  and  slate. 

"       3.     West  side  of  gap  9  feet  good  coal;  on  cast  side  only  12  inches  poor 

"  4.  West  side  not  found;  east  side  15  inches.  This  corresponds  with  A  in 
our  section,  aiid  is  the  first  regular  vein  near  the  top  of  the  con- 
glomerate. 

"  5.  West  side  15  feet  thick,  divided  bj  slates,  shelly  and  impure;  east  side 
comparatively  good  and  productive.  This  is  our  B,  or  the  Buck 
Mountain  seam,  and  is  characteristic  of  that  bed  generally. 

"  6.  This  is  a  small  seam,  only  15  inches  in  thickness,  and  is  found  on  both 
sides  of  the  gap, — perhaps  G. 

"  7.  Is  also  small,  but  good,  containing  3  feet  of  coal,  and  is  found  on  both 
sides  of  gap. 

"       8.     Is  a  large,  fine  bed,  15  feet  thick  on  each  side  of  gap. 

"       9.     Is  also  a  large  seam  of  good  coal,  15  feet  thick  on  each  side  of  gap. 

These  beds,  8  and  9,  are  tho  "Twins,"  or  Mammoth,  represented  by 
E  in  our  sections.  Three-quarters  of  a  mile  west  of  Trevorton,  near 
the  extremity  of  the  coal-field,  they  unite  and  form  a  large  bed  30 
feet  in  thickness.  They  also  unite  on  the  south  of  the  field,  in  the 
vicinity  of  Mahanoy  or  Locust  Mountain,  but  form  two  smaller  veins, 
as  before  noticed,  in  the  vicinity  of  Shamokin. 

"  10.  On  the  west  side  is  2J  feet  thick,  and  the  same  on  the  east  side.  This 
corresponds  with  the  Holmes,  or  F,  and  is  the  upper  vein  in  the 
Trevorton  district. 
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Continuation  of  the  hi-d-:  in  the  Skamo7in  disfntt  ahoie  F 
VosX  11,     The  Primrose    or  G    is  found  near  Slmmokin    160  feet  aboie  the 
Twins    and  18  genenlly  chdractenstii.   oi  enough  so  to  identity  ite 
peeuiuuties  is  those  perttining  to  G-  where^el  found      It  range* 
from  7  lo  10  leet  id  thickness 

"  12.  It  H  or  the  Big  Orchard  !jmg  above  the  Primrose,  aod  is  here  m  M 
lull  development 

"  13.  If,  less  ceitain  as  to  its  identity  It  lies  too  fir  ihove  the  Primrose — 
200  feet — to  be  the  Little  Orchard  and  i  moreoier  to<  laige  for 
f  hit  -v  ein  yet  it  is  not  fj.r  enough  removed  to  be  ths  Noi  th  Diamond, 
or  J,  though  its  size  and  character  would  denote  its  identity  with  the 
laEt-naiued  se^m.  This  seems  to  be  the  highest  irorkable  seam  or 
vein  in  this  portion  of  the  region ;  but  it  ia  supposed  that  K  esista 
in  the  basina  between  the  Locust  Mountain  and  lied  Kidgc. 

BASINS.  OR   SYKCLINAL   TKOUGTIS. 

Figure  61  illustrates  in  a  general  way  the  undulations  of  the  Shamokin 
coal-field  or  region,  but  does  not  represent  the  full  number  of  basins,  of  whiek 
there  are  not  less  than  14  or  15  narrow  synclinal  and  parallel  troughs,  or 
small  subordinate  basins.  There  are  three  prominent  anticlinals  within  the 
region :  namely,  the  Mine  or  Green  Ridge,  counting  from  south  to  north, 
the  "  Red  Ridge,"  and  the  "  Coal  Run  Ridge."  These  anticlinals  start  out 
from  the  Big  or  Shamokin  Mountain  on  the  northeast,  and  run  parallel 
through  the  region  to  tlie  Mahanoy  or  Locust  Mountain  on  the  southwest', 
dying  down  at  a  icw  points  through  the  centre  of  the  region,  but  holding 
their  oourde  consistently  nevertlieless. 

Within  these  three  principal  anticlinals  are  ten  other  smaller  antielinals, 
or  saddles,  of  less  vertical  and  horizontal  dimensions.  These  anticlinals, 
or  saddles  and  ridges,  divide  the  region  into  a  corresponding  number  of 
basins,  or  synclinals:  of  these  there  are  four  principal  ones,  bounded  on 
the  south  by  the  Locust  or  Mahanoy  Mountain,  and  on  tlie  north  by  the 
Big  or  Shamokin  Mountain,  and  traversed  by  the  anticlinal  ridges  before 
mentioned.  Tliese  three  principal  basins  are  again  divided  by  numerous 
subordinate  saddles  into  a  corresponding  number  of  subordinate  basins, 
which  exist  as  long,  narrow,  parallel  troughs.  This  frequent  form  of 
basin  or  saddle — synclinal  and  anticlinal — brings  the  seams  in  constantly 
recurring  waves  or  undulations  to  the  surface,  and  presents  their  outcrops 
in  oft-repeated  lines  of  strike.  The  hills,  or  dividing  ridges,  being  gene- 
rally of  considerable  altitude,  this  form  of  undulation  consequently  pre- 
sents a  lai^e  amount  of  coal  above  water-level,  and  brings  all  the  coal- 
beds  within  a  reasonable  distance  from  the  surface.  We  presume  none  of 
the  workable  seams  are  over  a  thousand  feet  vertical  in  any  portion  of  the 
Shamokin  region ;  and  the  Mammotli  ia  accessible  .generally  with  a  mode- 
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rate  depth  of  shafting,  say  from  200  to  500  feet.  But  slopes  are,  or  will 
be,  generally  in  use  in  this  region ;  though  to  the  present  time  most  of  the 
mining  is  done  above  water-level  by  drifts  and  tunnels. 


AVENUES   TO   MARKET.— COAL-TRANSPORTING   RAILROADS. 

Four  lines  of  coal -transporting  railroads  now  exist  from  the  Shamokin 
region  to  the  several  markets. 

The  first  and  oldest  is  the  Shamokin  Valley  &  Pottsvilie  Railroad, 
which  extends  from  Mount  Carmel  to  Sunbury,  a  distance  of  27  miles.  This 
road  connects  with  the  Northern  Central,  and  over  it  has  an  avenue  by 
rail  to  Baltimore  and  all  intermediate  points.  It  also  connects  with  the 
Susquehanna  Canal  at  Sunbury,  which  gives  Shamokin  connection  by  water 
with  the  same  points.  This  railroad  also  connects  with  the  Sunbury  & 
Erie,  and  over  it  has  direct  communication  with  the  Great  Lakes  and  the 
Northwestern  cities,  which  now  consume  considerable  quantities  of  anthra- 
cite coal. 

A  second  line  of  rail  connects  the  Shamokm  Valley  &  Pottsvilie  with 
the  Mine  Hill  &  Schuylkill  Haven  Railroad,  via  Locust  Gap  and  Big 
Run.  This,  however,  is  a  continuation  of  the  Mine  Hill  road,  which 
extends  from  Schuylkill  Haven  to  Locust  Gap,  via  Coalcastle,  Planes,  and 
Big  Run,  a  distance  of  28  miles.  This  line  furnishes  a  direct  communi- 
cation with  Philadelphia  for  the  coal-trade  of  Shamokin. 

A  third  line  extends  from  Mount  Carmel,  via  Centrevillo,  Shenandoah, 
and  the  Quakeake  Valley,  to  the  Beaver  Meadow  Railroad,  a  short  distance 
below  Weatheriy,  This  line — the  Lehigh  &  Mahanoy  Railroad — is  40 
miles  in  length,  and  opens  communication  with  the  New  York  markets,  ma 
the  Lehigh  Valley  and  New  Jersey  Central  Railroads.  A  fourth  line 
leads  from  the  Trevorton  mines  to  Port  Trevorton,  on  the  Susquehaana,  a 
distance  of  13J  miles. 


SHAMOKIN   COAL-TRADE   FOR   1864. 


John  Haas&Co 54,133 

Joseph  Bird 52,739 

Sliamokln  Goal  Company 39,933 

John  B.  Douty,  agent 33,578 

Hough  &  Hersh 31,122 

BurnsideCoal  &  Iron  Co 22,794 

Schall  &  Ponahoe 25,105 

MonteIiu3&Co 21,283 

S.  Bitt«nbonder  &  Sons 12.727 

Hoover  &  Co 7,058 

S.  &,  B.  Valley  Coal  Company . .     6,342 


J.  H.  Dewees  &  Bro 1.916 

J.  B.  Douty  &Co 1,352 

Lomison  &  Co 1,101 

Coal  Eiiige  Imp.  Co 766 

May,  Patterson  &  Bro 682 

J.  R,  Boughner 363 

S.  Tiley 160 

,Douty&Co 70 


333,478 


ci  by  Google 


220  THE   ANTHRACITE   COAL-FIELDS    OF   PENNSYLVANIA. 

Of  this  amouut  210,360  tons  passed  over  the  Mine  Hill  &  Schuylkill 
Haven  road  to  the  Philadelphia  markets,  and  the  balance,  123,118  tons, 
passed  over  the  Shamokin  Valley  &  Pottsville  road  to  Sunbury  and  the 
Southern  and  Northwestern  markets. 

In  addition  to  the  above,  we  mnst  add  the  products  of  the  Tre- 
votton  Coal  &  Railroad  Companj,  which  seat  to  market  during 

1864 56,301  tons. 

Amount  by  other  roads 333.478     " 

Total  from  the  Shamokin  region 389,779    " 

The  Lehigh  &  Mahanoy  Railroad  was  not  completed  for  last  year's  trade ; 
and  it  will  he  as  much  as  the  company  can  do  to  get  it  in  operation  in 
1865.  When  completed,  however,  it  will  open  an  available  avenue  to  the 
New  York  markets,  with  some  advantage  over  the  Lower  Wyoming 
mines,  and  on  nearly  eijual  terms  with  the  Upper  Lehigh  basins. 
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CHAPTER    XI. 

THE   FIRST,  OR  SOUTHERN  COAL-PIELD. 

Ita  Form  and  Extent—Mine  Hill  Basm— 4rea  of  Coal  F  eld— Tipograrly— Slarp  Mntin 
tain— Jugular— Geology— Map  and  ftections— The  Coi  gkmei  ate— Thickness  an  1  Iittnt 
— Coal  Measures — Lehigli  Dial  riot— Poom  Run  Mines — Summit  Mima— Great  Of  en 
Quarry — Modesof  Mining— Tunno!  a — Identity  of  Coal  Beds — fiectiona — Tama  ]i  aDiKtnct 
— Foldcd^^trata- Eepetition  of  tbe  Coal  Beis— '(ijca  of  th  Seams— Traa-verEe  bection— 
Vertical  Section — Sizes  of  tie  Coal  Eels — Section  at  Greenwood 

The  first  of  the  anthracite  conl-fields  Iif,^  on  the  Routh  of  the  anthneite 
regions,  and  extends  in  an  east-and-we'st  direction  fiom  the  Lchigli  i^  its 
eastern  extremity  to  a  point  neir  the  Su^quehanni  is  its  weitem  terminu's 
It  is  a  long  and  narrow  basin,  or  seiies  ot  pamllel  b'if>msj  consisting  of  i 
number  of  long,  slender,  synclinal  troughs  and  'fhirp,  nairow,  inticlmal 
ridges,  which  traverse  the  coal  held  m  ^chSlon  from  south  to  north  by  the 
right  flank.  This  general  strike  of  the  anticlmil'j  is  consistent  through- 
out the  anthracite  regions;  and,  while  the  coal-fields  themsehes  he  in  the 
same  form  on  the  map,  with  a  general  direction  from  east  to  west,  the  axes 
of  formation  all.  point  northeast  and  southwest. 

The  extreme  length  of  the  South  coal-field  is  about  73  miles,  with  a 
mean  breadth  of  two  miles  and  a  maximum  of  five  miles.  It  commences 
on  the  Lehigh  in  a  sharp,  narrow  point,  and  gradually  widens  towards  Its 
centre,  which  is  about  the  location  of  Minersville,  From  this  point  it 
depreciates  in  size  towards  Tremont,  where  it  is  about  three  miles  wide, 
and  from  thence  again  increases  to  the  point  of  division,  five  miles  west  of 
Tremont,  where  the  field  is  separated  and  forms  two  prongs,  or  long,  slender 
extensions.  The  south  fork  preserves  the  general  western  direction,  and 
extends  about  27  miles  from  the  point  of  division,  in  the  vicinity  of  IjOT- 
berry  Creek,  to  a  point  near  Dauphin  on  the  Susquehanna.  The  north 
fork  projects  in  a  northwestern  direction,  on  a  line  with  the  axes  of  forma- 
tion, or  the  anticlinals  of  the  field  generally.  It  is  about  17  miles  in 
length,  from  the  vicinity  of  Eausch  Creek  to  a  point  three  miles  west  of 
Bear  Gap,  In  Lykens  VaUey. 

A  distinct  body  of  coal,  known  as  the  Mine  Hill  basin,  but  included  in 
this  field,  lies  along  its  northern  edge  in  a  central  position :  it  is  14  miles 
long,  with  a  maximum  breadth  of  about  half  a  mile. 

The  entire  area  of  the  coal-field  is  estimated  at  14G  square'  miles,  and 
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has  been  divided  by  P.  W.  Sheafer,  one  of  our  prominent  geologists  and 
mining  engineers,  into  the  following  districts  and  areas : — 


1.  Lehigh  coal-district,  east  of  Tamaqua 16  10,^40 

2.  Tamaqua  to  Pottsville 36  23,040 

3.  From  Pottsvillc  to  forks  of  basin 55  35,200 

4.  North  fork,  Lykcns  Valley  prong 16  10,240 

5.  South  fork,  Dauphiu  prong 15  9.CO0 

6.  Mine  Hill  haain 8  5.120 

140  93,440 

Compared  with  t!ie  Middle  coal-field,  the  Southern  field  is  one-third 
greater  in  extent;  but  with  the  Northern  coat-field,  it  is  one-fourth  less. 
The  three  principal  coal-fields  form  an  aggregate  area  of  435  sqnare  miles : 
consequently,  this  field  constitutes  about  one-third  of  the  area.  The  Lehigh 
basins,  which  are  a  detached  group,  have  an  aggregate  area  of  36  square, 
miles;  which  swells  the  entire  area  of  the  anthracite  regions  to  470  square 
miles. 

TOPOGRArHY   OF   THE   FIELD. 

The  Southern  coal-field  is  bounded  and  set  by  the  same  frame  or  cha- 
racter of  mountain -raugra  as  those  which  distinguish  the  otJiei-  anthracite 
fields.  The  range  on  the  south  is  continuous  from  one  end  of  the  coal-field 
to  the  other,  and  is  known  as  the  Sharp  Mountain.  It  is  a  shjep,  sharp, 
monoclinal  mountain,  with  a  crest  of  coarse  massive  conglomerate,  and  a 
base  on  the  south  of  soft  red  shale.  The  outcrops  of  this  range  are  all 
eouth,  and  the  dips  to  the  north,  underlying  the  first  basins  of  the  coal- 
field. At  the  ea.stern  extremity  of  the  field  the  Sharp  Mountain  unites 
with  the  Locust  Mountain,  and  is  known  as  the  Manch  Chunk  Mountain. 
It  terminates  in  an  abrupt  point,  almost  overhanging  the  Lehigh  Kiver, 
and  towering  over  one  thousand  feet  above  it.  This  terminal  knob  or 
point  is  known  as  Mount  Pisgah,  and  is  crowned  by  the  engines  of  the  Lehigh 
Coal  &  Navigation  Company,  for  the  elevation  of  their  coal-cars  up  the 
Mount  Pisgah  planes  to  the  head  of  the  back  track,  which  is  a  gravity-line, 
to  the  mines,  and  which  we  will  describe  under  the  proper  head,  appro- 
priate to  our  mining  establishments,  in  the  Appendix. 

From  the  Lehigh  to  a  point  about  20  miles  west,  the  north  range  is 
known  as  the  Locust  Mountain ;  but  whether  this  is  intended  as  a  con- 
tinuation of  the  Locust  Mountain  of  the  Middle  coal-field  is  not  clear. 
There  is  no  geological  or  topographical  connection  between  the  two;  but 
such  a  nomenclature  would  be  no  more  arbitrary  than  the  misnomert* 
which  distinguish  the  topography  of  Mahanoy  and  Shamokin. 

At  the  point  named,  the  Locust  Mountain — which,  like  tlio  Sharp  Moun- 
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tain,  has  a  raonoclinal  axis,  but  with  a  northern  outaop  and  a  southern 
dip — unites  with  the  Broad  Mountim  This  mountain  as  the  map  indi- 
cates, is  a  broad,  ULiduliting  pKttmff      i    I    ii  i  it     King  between  the 


central  portions  of  the  Southern  field  and  the  Mahanoy  division  of  the 
Middle  field:  its  maxin^um  breadth  is  about  six  miles,  and  its  great^t 
length  twenty  miles. 
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It  contains  several  small,  independent  basins  of  coai  along  its  summit, 
which  we  shall  describe  separately,  as  they  have  no  connection  with  the 
other  coal-fields. 

Along  the  southern  foot  of  the  Broad  Mountain  li&q  the  iline  Hill 
basin,  which  is  simply  separated  from  the  main  coal-field  by  the  sharp  and 
narrow  anticlinal  ridge  of  the  Mine  Hill,  which  at  each  extremity  enters 
the  Broad  Mountain,  and  of  which  it  seems  a  part,  separated  only  by  the 
Mine  Hill  basin.  This  small  basin  lies  deep  in  its  central  portions,  but 
its  extremities  are  elevated  to  the  surface.  Like  an  Indian  pirogue,  it  is 
long  and  narrow,  deep  in  tbe  middle,  but  pointed,  sharp,  and  elevated  at 
the  ends.  There  is,  however,  a  second  subordinate  basin  within  the  main 
one,  lying  on  the  north,  which,  like  a  second  canoe,  smaller,  sharper,  and 
mora  naiTow  than  the  first,  lies  alongside.  This  is  called  the  Jugular 
synclinal,  and  is  divided  from  the  first  by  tbe  Jugular  anticlinal :  at  each 
extremity  of  the  smaller  basin  this  anticlinal  distinctly  separates  the  two 
basins,  but  in  its  centre  the  coal-veins  overlap  the  saddle  and  connect  the 
strata  on  the  axis. 

This  northern  basin  is  peculiarly  sharp,  deep,  and  narrow, — ite  strata 
having  a  uniform  dip  in  its  centre  to  the  south.  The  sbould-be  north  dips 
are  inverted,  and  really  underlie  the  south  dips  of  the  main  basin.  This 
peculiarity  was  at  first  a  source  of  much  speculation  and  misconception  by 
our  mining  engineers,  since  the  coals  of  the  entire  basin  were  mLstaken  for 
underlying  veins;  and  much  time  and  money  has  been  spent  in  vain  efforts 
to  discover  them  elsewhere. 

The  Mammoth  is  so  doubled  and  brought  in  connection  in  this  basin 
that  it  has  been  taken  for  one  vein  of  enormous  thickness,  and  called  the 
"Jugular;"  while  the  four  underlying  veins  are  also  repeated:  so  that,  in 
appearance,  there  would  seem  to  be  twelve  or  thirteen  veins  underlying 
the  Mammoth  in  tiie  Mine  Hill  basin.     Figure  G4  represents  the  two 


basins  at  the  eastern  extremity  of  tbe  format____,  __  . ____  _1 noth 

is  unearthed,  in  the  vicinity  of  Mill  Creek  Gap,  above  St.  Clair. 

The  Mine  Hill  formation  is  parted  near  its  western  end  by  tbe  Peaked 
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Mountain,  and  divided  into  two  miniature  prongs  or  forks,  in  imitation  of 
the  western  division  of  the  main  coal-field.  Here  the  main  basin  forms 
two  distinct  synclinals,  divided  by  the  anticlinal  of  Pickett,  or  Peaked, 
Mountain. 

We  have,  perhaps,  diverted  attention  from  the  bounding  mountain- 
ranges  of  this  field  by  stopping  to  notice  the  Mine  Hill  basin;  but  it  will 
be  remembered  that  the  Locust  Mountain  forms  the  north  boundary  about 
20  miles  along  the  eastern  end,  and  enters  the  Eroad  Mountain.  This 
range  or  mountain-plateau,  then,  forms  the  north  marginal  line  of  the  field 
for  a  distance  of  about  20  miles  to  a  point  near  the  Falls  of  Swatara.  From 
or  near  this  vicinity  Thick  Mountain  forms  the  north  boundary  past 
Tremont  and  beyond  the  main  forks  of  the  field  to  some  indefinite  point, 
— perhaps  EHnger's  Gap,- — and  from  thence  to  the  -western  extremity  it  is 
known  aa  Short  Mountain,  Thus  the  bounding  mountain-range  to  the 
north  is  locally  named  and  known  by  the  primitive  nomenclature,  whic]! 
applied  the  cognomens  from  local  features,  without  regard  to  geology  or 
topography.  The  "Mine  Hill"  would  be  an  appropriate  name  for  tire 
entii'G  range,  since  it  would  be  neai'ly  continuous  and  would  really  form  a 
bounding  line  from  east  to  west,  leaving  tlie  Mine  Hill  basin  outside  and 
independent  of  the  main  field, — as  it  is,  with  the  exception,  perhaps,  of  an 
uncertain  connection  near  Swatara ;  but  even  here  it  is  doubtful  whether 
the  underlying  veins  connect, 

A  section  of  the  field  in  the  vicinity  of  Swatara  will  be  found  farther 
on,  from  data  furnished  by  Col,  D.  P.  Brown,  who  is  practically  familiar 
with  that  portion  of  the  coal-field. 

The  south  boundary  of  the  north  fork  is  known  as  Big  Lick  Mountain : 
it  unites  at  the  point  of  division  with  the  Fourth  or  Stony  Mountain,  which 
forms  the  north  boundary  of  the  south  or  Dauphin  fork,  and  at  the  west- 
em  extremity  witli  the  Short  Mountain,  which  is  the  terminal  knob  of  the 
north  or  Lykena  Valley  fork.  The  Big  Lick  Mountain,  above  noticed  as 
the  north  boundary  of  the  south  fork,  unites  at  the  western  extremity  of 
the  Dauphin  prong  with  the  Sharp,  or,  as  it  is  locally  called,  the  Third, 
Mountain. 

All  these  bounding  mountains,  with  tbe  exception  of  the  Broad  Moun- 
tain, are  monoclinal  ridgra,  with  crests  of  massive  conglomerate  and  outward 
bases  of  red  shale.  Those  on  the  south  have  north  dips,  and  those  on  the 
north  south  dips,  forming  an  interior  undulating  basin  from  crest  to  crest 
of  tliose  marginal  mountains.  A  glance  at  the  map  will  show  the  blue 
outlines  of  tliose  conglomerate  monoclinals  surrounding  the  basin,  with 
the  plateau  of  the  Broad  Mountain  stretching  from  the  First  to  the  Middle 
coal-field.  "With  this  exception,  the  blue  border  is  set  in  a  wide  frame  of 
red  shale,  which  not  only  partially  surrounds  the  first  coal-field,  but  com- 
pletely envelops  both  the  First  and  Second,  or  Southern  and  Middle,  coal- 
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fields.  The  dark  tints  of  the  coal  lie  in  long,  narrow  strips  in  tlie  centre 
of  those  borders  of  blue  and  red,  and  exist  in  nature  as  portrayed  in  the 
map. 

The  interior  of  the  coal-field  is  peculiar.  Its  topography  and  botany, 
as  well  as  its  geology,  differ  widely  from  the  surrounding  border.  The 
interior  ridges,  with  the  exception  of  the  Mine  Hill, — which  is  of  the  same 
formation  and  character  as  the  siurounding  mountains, — are  undulating 
and  diversified.  They  conform  to  the  water-courses  more  than  to  the 
anticlinals  of  the  coal  measures,  and,  consequently,  roll  in  all  directions, 
as  frequently  at  right  angles  with  the  mountain-ranges  as  parallel  with 
them.  The  interior  sides  of  the  raai^inal  mountains  are  generally  lapped 
with  the  coal  measures  half-way  to  their  summits ;  but  above  the  coal  is 
exposed  the  white  and  massive  conglomerate. 

The  softer  shales,  slates,  and  sandstones  of  the  red-asli  coal  measures— 
the  upper  series  of  EogeiB — form  a  warm,  dry,  and  friable  soil,  which 
produces  and  supports  a  vegetation  peculiar  to  itself  or  to  such  formations 
generally  in  this  latitude,  and  not  only  to  this,  but  to  all  the  anthracite  and 
bituminous  fields.  We  notice,  however,  that  tlie  soils  in  the  vicinity  of 
tlie  white-ash  veins  are  colder  and  more  silicious,  and  produce  quite  a 
different  vegetation ;  while  the  upper  or  red-ash  coal  measures  produce  the 
chestnut-oak,  chestnut,  dogwood,  laumstinus,  and  such  dry,  warm-soil 
trees  and  shrubs:  the  lower  or  white-ash  coal  measures  and  the  con- 
glomerates support  the  resinous  pines,  swamp-oaks,  hemlock,  bay-laurel, 
ferns,  &c.,  or  such  vegetation  as  grows  in  flinty,  silicious  soils  or  cold,  low 
grounds. 

The  red  shales  lying  below  the  conglomerates  also  support  a  warm 
growth  of  vegetation,  similar  to  that  produced  by  the  upper  coal-measures; 
but  neither  produces  nor  supports,  to  any  extent,  the  botanical  productions 
of  a  rich  or  luxuriant  soil.  The  walnut,  poplar,  liickory,  cherry,  locust, 
e!m,  &c.  do  not  exist  within  the  anthracite  coal-fields  or  in  their  vicinity. 


GEOLOGY  AND  INTEBIOR  FORMATION  OF  THE  FIELD, 
Included  in  the  Carboniferous  strata  we  find  the  Vespertine  sandstone, 
the  proto-  or  subcarboniferoua,  and  the  Umbral  red  shales,  both  overlying 
the  Ponent,  or  old  red  sandstone  of  the  English,  and  underlying  tlio  con- 
glomerate. 

The  vertical  section  on  the  left  side  of  the  accompanying  map  of  the 
antliracite  coal-fields  is  designed  to  illustrate  the  formation  in  the  vicinity 
of  Pottaville,  from  the  Vespertine  to  the  top  of  the  coal  measures.  It  will 
be  noticed  that  the  Vespertine  is  colored  in  the  sections  as  in  the  map, 
while  the  Umbral  red  shale  is  the  same  in  each;  the  conglomerate  bhie, 
and  the  coal  a  black  tint.     Thus  the  map  and  sections  illustrate  at  a 
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glance  the  geolc^  of  the  coal  formations,  and  will  convey  a  better 
impression  than  words,  or  any  written  description,  of  the  cliaracter  and 
general  formation  of  our  coal-basins  and  their  subordinate  strata. 

We  have  given  four  geological  sections  on  the  map; — first,  a  vertical 
section  of  the  anthracite  formations  near  Pottsville;  second,  a  vertical 
section  of  the  Western  or  bituminous  formations,  which  may  be  accepted 
as  a  general  type  of  tlie  great  Alleghany  coal-iield,  but  not  the  more 
western  coal-flelds.  We  will  give  a  general  section  of  the  more  western 
fields  in  connection  with  the  Great  Central  coal-field  of  Illinois  and 
Indiana, 

The  third  section  on  the  map  is  a  transverse  section  from  the  Lehigh 
Summit  mines,  in  the  eastern  end  of  the  Southern  eoal-fleld,  across  the 
Lehigh  basins,  to  the  lower  or  western  end  of  the  Wyoming  or  !Noithern 
coal-field.  The  fourth  is  a  transverse  section  from  Pottsville,  across  the 
middle  of  the  Southern  coal-field,  the  New  Boston  or  Broad  Mountain 
basins  and  the  Mahanoy  region  of  the  Middle  coal-field,  to  the  vicmitj  ot 
Shenandoah  City.  From  thence  the  continuation  of  the  section  is  from 
Locust  Gap  across  the  Sliamokin  region  of  the  Middle  coal-field  to 
Shamokin.     The  principal  undulations  are  only  given  in  the  latter  region. 

The  scale  and  the  colors  of  the  different  formations  will  be  sufficient  to 
explain  them,  without  furtlier  description. 


THE  GREAT  CONOLOMESATE, 

This  peculiar  rock  seems  to  be  the  baae-rock  or  floor  of  all  the  true  coal 
formations,  or  those  of  the  great  Carboniferous  era,  throughout  the  world, 
wherever  such  coal  is  found.  We  do  not  find  any  great,  reliable,  or 
extensive  coal-field  in  any  other  condition.  An  exception  can  scarcely  be 
made  to  the  Great  Australian  coal-field,  or  the  coals  of  the  subcarboniferous 
period  in  England,  since  neither  of  these  coal  formations  is  practically 
developed  or  definitely  assigned  to  a  prominent  position ;  while  the  first  is 
Btill  in  a  doubtful  status  as  to  its  relative  age  or  position. 

In  the  vicinity  of  Pottsville  the  conglomerate  is  over  1000  feet  thick, 
a  vast  heterogeneous  mass  of  firmly-cemented  quartzose  nodules,  from  the 
size  of  a  pin  to  that  of  a  hen's  e^,  diversified  by  intervening  strata  of 
coarse  sandstones,  shales,  and  sometimes  thin  veins  of  coal.  It  is  an 
extremely  persistent  deposit,  and  is  found  everywhere  below  the  coal, 
throughout  the  bituminous  as  well  as  the  anthracite  fields. 

At  the  eastern  extremity  of  the  Southern  field,  near  Maueh  Chunk,  the 
conglomerate  is  950  feet  thick;  at  Nesquehoning,  a  few  miles  farther  west, 
and  on  the  opposite  side  of  the  field,  it  is  792  feet  thick;  at  Tamaqua  it  is 
803  feet;  at  Pottsville,  1030  feet;  at  Lorbcrry  Gap,  675  feet;  at  Yellow 
Spring,  660  feet;  and  at  Bear  Gap,  Wiconisco,  460  feet.    But  at  the  latter 
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place  it  is  found  doubled  between  the  nortli  and  south  basins,  as  shown  by 
figure  93. 

In  the  Lehigh  detached  basins  it  is  generally  about  700  feet;  at 
Mahanoy,  near  Ashland,  800  feet;  and  at  Sharaokin,  630  feet.  At 
Solomon's  Gap,  in  the  Wyoming  region,  it  is  170  feet  thick,  and  at  Nan- 
tieoke,  60  feet;  but  here  the  underlying  coarse  sandstones  sometimes 
increase  it  to  nearly  double  those  dimensions, 

In  the  Broad  Top  coal-region,  which  lies  about  30  miles  east  of  the 
margin  of  the  Great  Alleghany  coal-field,  and  a  little  west  of  the  Wyoming 
formation,  the  conglomerates  appear  to  be  100  feet  thick,  and,  inclusive  of 
the  coarse  sandstones  between  the  coal  and  the  red  shales,  250  feet. 

In  Sullivan  county  is  found  the  most  eastern  and  northern  coal-basin 
of  the  great  Western  bituminous  formations;  and  here  the  conglomerate  is 
a  coai^,  massive  rock  about  30  feet  thick;  while  the  sandstones  between 
the  conglomerate  and  the  red  shales  are  frequently  from  300  to  500  feefc 
thick,  containing  one  or  two  seams  of  imperfect  limestone. 

The  conglomerate  proper  continues  to  depreciate  to  the  west,  and 
frequently  consists  of  a  thin  plate  of  fine-grained  sandstone,  only  ten  (10) 
feet  thick,  but  so  set  with  quartzose  pebbles  as  to  be  unmistakable  in 
character.  Yet  accompanying  this  conglomerate  plate  are  frequently  large 
and  massive  strata  of  coarse  sandstone,  which  belong  properly  to  the  mill- 
stone grit.  In  the  Great  Central  coal-field  in  Illinois  this  millstone  grit, 
which  is  synonymous  with  our  conglomerate,  is  300  feet  thick,  according 
to  Prof.  Wilber,  of  Illinois, 


KESaUBHONING  OR  BHUMB  RUN  MINES, 

As  this  will  embrace  a  general  description  of  the  coal-field,  its  undula- 
tions, basins,  saddles,  and  axes  of  formation,  with  the  coal-seams  and  other 
details,  we  will  commence  at  the  Lehigh  extremity,  and  describe  the  field 
in  districts,  with  sections  to  illustrate  its  general  features. 

The  Ehume — or,  as  it  is  sometimes  written,  the  Eoora — ^Kun,  or  Nes- 
quehoning  mines,  are  the  most  eastern  of  any  importance.  The  coal 
measures  exist  here  almost  on  their  ends,  as  our  miners  would  say;  that 
is,  they  are  nearly  vertical,  and  are  formed  into  two  deep  and  narrow 
basins,  which  rise  rapidly  in  an  eastern  direction.  The  south  dips  of  the 
north  basin  are  from  45°  to  50°;  while  the  north  dips  of  the  same  liasin 
are  vertical.  The  axis,  or  saddle,  between  the  basins  is  sharp  and  narrow, 
and  the  south  dips  of  the  south  basin  are  from  50°  to  60° ;  while  the  north 
dips,  as  proved  at  " Hacklebumey,"  are  inverted;  that  is,  they  dip  south 
at  their  ontcrops  and  change  in  their  descent  to  the  north.  The  veins  cut 
here  in  the  old  tunnels  were  couuted  twice,  as  they  were  cut  through  both 
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south  and  nortli  dips  in  the  same  basiii  before  it  was  known  that  a  basin 
existed  at  the  point:  consequently,  they  were  named  and  numbered 
respectively  aa  separate  beds. 

There  is  some  difficulty  in  recognizing  the  identity  of  the  veins  in  this 
locality,  from  the  great  change  in  their  sizes  and  character;  and,  though  a 
number  of  tunnels  are  driven  from  this  point  beyond  the  old  mines  at  the 
summit,  there  seems  to  be  no  conformity  or  general  sameness  in  any  of  the 
tunnels,  since  the  veins  range  in  size  and  character  to  extremes.  The  Big 
rem  is  undoubtedly  the  Mammoth;  but,  as  far  aa  proved,  the  Buck 
Mountain  does  not  appear  in  its  usual  condition,  though  the  other  veins 
are  frequently  larger  than  usual:  yet  these  conditions  are  not  generally  as 
fevorable  as  they  are  when  in  their  average  sizes. 

The  following  table  will  present  the  names  and  identity  of  the  beds  as 
near  as  it  is  possible  to  do  under  f 


Workuble  Coal. 


Brown's  v 
Vertical .. 


I,  north  dip... 
L,  south  dip... 


19 


11    ' 


Shelly  coal. 
Not  reliable. 
Buck  Mountain  ? 


LOth? 
Mammoth  7 
Primrose  ? 
Identical  with  7. 


There  seems  to  be  some  doubt  as  to  which  is  the  Mammoth  at  Nesque- 
honing,  whether  it  is  No.  3  or  Nos.  5  and  6.  No.  3  is  in  the  proper 
position  of  the  Buck  Mountain  vein,  and  Nos.  5  and  6  are  where  the  Mam- 
moth ought  to  be,  but  are  here  divided.  If  we  accept  Nos.  5  and  6  as  the 
Mammoth,  we  can  identiiy  the  remaining  veins  with  those  existing  in  other 
localities;  but  if  No.  3  is  the  Mammoth,  we  cannot.  Some  of  the  small 
seams  cut  in  those  tunnels  have  not  been  ri,cognized ;  and  it  is  scai-cely 
possible  to  trace  the  veins  from  their  north  to  their  south  dips,  owing  to 
these  omissions,  since  in  this  locality  the  veins  vary  to  extremes  from  their 
maximum  to  their  minimum  sizes,  in  short  distances. 
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It  will  be  observed  in  the  foregoing  table  tliat  only  seven  veins  exist  in 
thia  section  of  the  field ;  and  it  is  not  at  all  probable  that  any  of  them  are 
above  the  Primrose,  or  G;  and  this,  ■which  is  No.  7,  or  the  12-feet 
vein,  appears  to  be  the  same  as  No.  8,  or  tlie  Pencil  vein, — one  being 
the  south  and  the  other  the  north  dip,  Nos.  5  and  6  would  thus  appear 
to  be  identical  with  Nos.  9  and  10,  and  these  would  appear  to  be  the 
Mammoth  divided,  as  it  frequently  is  in  many  portions  of  tlie  coal-field, 

Nos.  3,  13,  and  14  would  thus  be  the  Buck  Mountain  on  different  dips. 
But  we  must  confess  that  this  theory  is  based  on  what  ought  to  be  the 
condition  of  the  veins,  more  than  on  the  development;  and  yet  it  is  both 
possible  and  probable,  notwithstanding  appearances  to  the  contrary.  The 
following  section  of  the  so-called  Mammoth  at  the  Nesquehoning  mines 
does  not  come  up  to  our  ideas  of  its  proper  proportions,  and  particularly 
when  we  know  that  its  overlying  veins  are  of  equal  or 
Fia.  66.  greater  dimensions. 

We  may  remark  in  thia  connection  that  our  data  are 
chieily  derived,  in  this  instance,  from  Rogers's  late  report, 
or  Geology  of  Pennsylvania,  which,  unfortunately,  pre- 
sents a  "tangled  web"  in  almost  every  attempt  to  justify 
the  coal  strata.  We  must  add,  also,  that  the  Lehigh  miners 
have  made  no  attempt  to  classify  or  identify  their  veins; 
and,  though  we  were  kindly  furnished  all  the  information 
available,  it  has  been  impossible  to  bring  order  out  of  the 
confusion  tliat  here  exists.  Tiie  question,  however,  is 
simply  this:  Is  the  first  large  vein  above  the  conglorae- 
ratfi  the  Mammoth,  or  the  Buck  Mountain?  If  the  latter, 
then  Nos.  5  and  6  of  the  foregoing  table  are  the  Mam- 
moth, and  the  veins  fell  into  order  and  aro  in  place,  as 
shown  by  figure  66,  in  whicli  we  have  given  all  the  veins, 
e  and  small,  and  have  named  them,  as  all  our  sections  are  named,  a,  b, 


0,  d,  ce,  /.  If  the  contrary  is  correct,  then  b  would  be  e,  and  ee  would  be 
g,  A,  or  the  Primrose  and  Orchard, — which  is  impossible,  since  those  veins 
have  never  been  found  as  large  as  these  would  make  them.  Again,  the 
lower  veins  here  are  red-ash,  while  the  upper  ones  are  white-ash;  and  this 
should  be  sufficient  to  confirm  us  in  oar  conclusions. 
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LEHIGH   SUMMIT   MINES. 


The  waters  of  the  former  mines,  or  Rhume  Enn,  at  Neaquchoning, 
running  east,  fall  into  the  Lehigh  River;  while  the  waters  of  Panther 
Creek  Valley,  running  west,  unite  with  the  Little  Schuylkill  at  Tamaqua. 
The  basin  or  field  widens  in  this  direction,  and  the  veins  which  are  ver- 
tical at  Nesqiiehoning  are  here  changed  to  moderate  angles,  and,  conse- 
quently, to  more  favorable  conditions  both  in  regard  to  the  character  of 
the  veins  and  the  quality  of  the  coal.  At  Nesquehoning  the  veins  are  not 
reliable.  Their  present  vertical  position  was  not  their  original  or  normal 
condition,  which  must  have  been  at  a  comparatively  low  angle.  The 
violence  which  threw  them  into  vertical  positions  crushed  and  destroyed 
their  uniformity  and  seriously  injured  the  workable  qualities  of  both  veins 
and  coal.  Tliere  is  only  one  vein  worked  at  present  at  the  Rhume  Run 
mines,  a  section  of  which  is  given  in  figure  65. 

At  the  Summit  and  Panther  Creek  mines  the  Lehigh  Company  have 
confined  their  operations  exclusively  to  the  Big  vein.  Three  modes  of 
working  have  been  pursued.  First,  the  great  bed  at  the  Summit  was 
quarried  successfully,  as  ordinary  rocks  are  quarried,  in  an  open  quarry. 
This  they  were  enabled  to  do  by  the  immense  thickness  of  the  bed  and  its 
proximity  to  the  surface.     But  little  cover  or  earth  rested  over  it,  and  this 


was  e 


moved,  leavmg  a  mass  of  coal  over  50  feet  thick  fully 
1!  exj  la  n  thL  j       1  -i    f  r  nit 


Fa  07 


The  tol  le  1  blacl  t  atum  on  tl  r  ght  f  tl  e  section,  resting  against  or  on 
the  sharp  mountam-rauge,  is  the  location  of  the  celebrated  Lehigh  quarry. 
The  upper  portion  of  this  coal  was  worked  in  the  daylight,  by  uncovering 
it  or  removing  the  thin  strata  of  slate,  shale,  and  earth  which,  covered  it. 
The  deeper  portions  have  been  mined  by  slope  in  the  ordinary  manner.  It 
will  be  observed  that  the  bed  is  frequently  doubled,  forming  several 
sharp  axes.  In  these  cases  it  is  of  enormous  thickness,  or  double  its 
real  size.  Should  a  tunnel  be  driven  across  the  folds,  the  vein  would  be 
cut  five  times  in  succession,  and  yet  have  the  appearance  of  being  but  one 
bed  of  coal.     The  operations  of  the  forces  which  formed  our  deep  and 
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iuverted  basina  are  here  fully  demonstrated.  It  is  evident  that  no  lifting 
force  exercised  by  the  laws  of  nature  would  or  could  produce  the  efFecfs 
here  demonstrated.  That  a  depression  of  the  basins  of  Nesquehoning 
aided  to  form  their  present  deep  and  steep  condition,  needs  no  further  proof 
than  is  oifered  in  figure  66  ;  and  that  contraction  completed  the  work,  by 
crushing  the  strata  together  and  inverting  the  measures,  is  equally  evident. 
These  forces  arc  irresistible. 

In  figure  67  we  see  another  remarkable  evidence  of  contraction.  The 
genera!  form  of  the  basin  on  the  summit  is  evidently  very  near  its  original 
condition,  with  the  exception  of  the  peculiar  folding  exhibited  along  its 
centre.  It  was  once  a  uniform  basin,  of  moderate  depth  and  gentle  undu- 
lation ;  but  since  the  formation  of  its  coal,  or  during  the  Carboniferous 
CTa,  the  Panther  basin  became  depressed,  and  perhaps  the  summit  became 
slightly  elevated  by  the  forces  which  contracted  the  measures  or  crushed 
them  into  their  present  folded  or  corrugated  shape. 
Our  section  presents  this  formation  at  its  minimum 
angles.  The  dip  along  the  Sharp  Mountain  range  is 
frequently  greater.  But  this  upper  basin  is  limited  in 
extent,  and,  though  the  coal  is  of  enormous  thickness 
locally,  it  is  confined  to  a  space  of  less  tlian  a  square 
mile. 

The  large  vein  here  developed  is  undoubtedly  the 
Mammoth,  however  it  may  connect  with  the  Nesque- 
honing veins.  The  accompanying  section  illustrates 
its  size  and  character,  as  worked  in  the  open  quarry. 
The  style  of  the  engraving  differs  from  those  we  have 
furnished  as  originals;  but  it  is  neverthelesss  correct, 
and  consistent  with  the  original  section  furnished  us 
by  Mr.  Patterson,  the  General  Mining  Superintendent 
of  the  company.  It  will  be  noticed  in  another  part 
of  this  work  that  we  have  purchased  some  of  tlte 
elegant  illustrations  from  the  publications  of  the 
Messrs.  Harper.     This  is  one  of  them. 

Figure  68  represents  a  perpendicular  view  of  the 
stratification  of  the  Mammoth,  in  the  celebrated  Open 
Quarry  at  the  old  Lehigh  Summit  mines.  It  ranged 
from  50  to  70  feet  in  thickness,  and  was  covered  with 
from  6  to  20  feet  of  earth  and  slates.  But  the  thick- 
ness of  the  covering  increased  rapidly  from  the  crest 
"the  opln  Qu.BBr  .T  THE  of  thc  antlclinals  or  saddle  to  the  synclinals  or  basin; 
SUMMIT  MINES,  LEHiEH,  ^^^  .^  ^^^  fouud  morc  cconomlcal,  eventually,  to  ex- 
cavate the  coa!  by  the  ordinary  processes  of  mining,  than  by  the  old  or 
original  mode  of  quarrying. 
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The  Summit  basin  is  now  worked  by  slopes.  Slope  No.  2,  in  "  Spur 
Basin,"  on  the  Summit,  dips  south  at  an  angle  of  16°,  and  is  1290  feet  long. 
Slope  No.  4,  east  of  Summit  Hill,  dips  north  at  an  angle  of  69°,  and  is 
406  feet  long.  These  arc  the  only  mines  now  worked  in  the  Summit  basin. 
Slope  No.  1  is  abandoned,  the  eoal  being  on  fire. 

Slope  No.  3  is  in  the  Panther  Creek  Valley,  and  starts  within  tunnel 
No.  6,  on  the  Big  vein.  It  is  on  the  south  dip,  at  au  angle  of  44°,  and 
is  306  feet  long. 

Slope  No.  5  is  in  tunnel  No.  8.  Its  length  is  300  feet  on  the  south  dip, 
at  an  angle  of  44°.  In  addition  to  those  four  slopes,  there  are  two  tunnels 
in  operation,  and  a  fifth  slope,  in  the  vicinity  of  Tamac[ua,  independent  of 
the  Nesquehoning  min^,  and  the  "old  tunnel"  mines  near  Mauch  Chunk. 

The  following  notes  will  convey  some  idea  of  the  irregularity  of  the 
veins.  They  are  taken  from  parallel  tunnels  less  than  a  mile  apart.  Some 
ten  or  twelve  extensive  tunnels  have  been  driven  by  the  Lehigh  Company 
to  develop  their  property.  The  veins  traverse  the  valley  parallel  to  its 
course  &om  east  to  west,  outcropping  high  up  the  mountain-sides,  and 
covered  by  a  considerable  thickness  of  overlying  strata  in  their  dips  to  the 
centre  of  the  basin  or  valley ;  while  the  conformation  or  slopes  of  the 
mountain-sides  are  much  less  than  the  angle  of  the  coal :  consequently,  the 
coal  can  only  be  reached,  practically,  by  long  tunnels. 


Sorizontal  Section  of  Tunnel  No.  7,  running  north,  and  o-. 
Creek  Tallei/. 


north  side  of  Pantlier 


Measures,  slate,  rock,  &e 60 

Coal,  Mammoth,  on  aDtielinal  axis, 

dip  50'  south,  73°  north 64 

Measures 129 

Ooal,  Primrose?  dip  69°  N 15 

Measures 81 

Coal,  north  dip  76°,  Holmes? 3  . 

Measures,  perpendicular  in  centre  220 
Coal,  south  dip  42° ;  Holmes?.,..       5 

Measures 109 

Coal,  Primrose?  south  dip44°.,..     23 
177 


Coal,  south  dip  38°.. 
Measures 

Coal,  south  dip  46°  . 


Coal,  south  dip  39° 9 

Measures 274 

Coal,  south  dip 1 


Mammoth  ?*  south  dip  45°. 


*  Air-hole  to  surface  from  t 
feet  long,  being  about  Ike  lengt 


Horizontal  Section  of  Tunnel  No.  6,  running  norths  and 
Creeh  Valley. 


n  north  side  of  Panther 


Measures,  slate,  rock,&c 180 

Coal,  south,  dip  33° 5 

Measures,  south  dip 117 

Coal,  south  dip  32° 10 


Measures,  south  dip Ill 

Coal,  south  dip  39° 9 

Measures,  south  dip 243 

Coal,  south  dip  45° 27 
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Horizontal  Section  of  Tunnd  No.  6. — (^Continued.) 


es,  south  dip  45" 9 

Coal,  south  dip  45° 2 

Measures 2B9 

Coal,  south  dip 1 

Measures •-  88  J 

Coal 1 


Coal,  south  dip  45".. 
aoth? .. 


Hone  of  the  Lahigli  tunnels  appear  to  have 
been  driven  beyond  the  "Big  vein;"  there- 
fore the  measurea  below  it  are  not  developed, 
and  the  Buck  Mountain,  or  B,  ig  in  doubt. 


SoTmintal  Sectionof  Tunnel  No.  5,  run- 
ning south,  and  on  south  side  of  Panther 
Creek  YaUeii. 

Ft. 

Measures,  slat«,  rock,  &c 393 

Coal,  north  dip  71° 64 

Measurea,  north  dip 126 

Coal,  red-ash,  north  dip  71=  (&?)■     12 

Measures 224 

Coal,  north  dip  71° 1 

Measures 83 

Mammoth,  north  dip  71°  (E?)....     50 


Note. — Tunnel  No.  5  presents  Oie  proper 
order  of  strati  fioation,  as  found  in  all  regular 
portions  of  the  ooal-fielde,  E  being  the  Mam- 
moth,  and  0  the  Primrose.  But  the  adjoin- 
ing  tunnel.   No.   2,   presents    no    identical 


Horizontal  Section  of  Tunnd No.  2,  run- 
ning  south,'  and  on  south  side  of  Pan- 
ther Creek  Valley. 

Ft. 

Measures,  slate,  rock,  &c 495 

Coal,  south  dip  45° 3i 

Measures 87 

Coal,  south  dip  3G° 2 

Measures 27 

Goal,  perpendicular 3 

Measures 18G 

Coal,  perpendicular IJ 

Measures 74 

Coal,  perpendicular 5 

Measures 91i 

Coal,  south  dip  65° 6 

Measures 155 

Coal,  south  dip  70° 6i 

Measures 128 

Coal,  Mammoth,  north  dip  40°....     65 


These  four  tunnels  are  in  the  vicinity  of  Summit  Hill,  and  are  nearly 
opposite  each  other.  That  is,  Nos.  6  and  2  are  on  the  south  side  of 
Panther  Creek,  running  south  to  cut  the  main  north  dips  of  the  coal; 
and  Nos.  6  and  7  are  on  the  north  side  of  Panther  Creek  Valley,  running 
north  to  cut  the  main  south  dips  of  the  coal.  It  will  be  noticed,  by  any 
one  conversant  with  such  matters,  that  no  uniformity  exists:  in  fact,  there 
is  a  confusion  which  prevents  the  formation  of  any  systematized  sections 
that  would  identify  the  seams. 

Figure  67  represents  the  general  type  of  the  coal  formation  in  the 
vicinity  of  the  old  Lehigh  mines.  There  are  some  points  where  the  angle 
of  the  strata  is  more  abrupt  and  on  greater  elevations  than  our  section 
;  but  generally  it  conveys  a  just  impression  of  the  formations. 
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TAMAQUA  DISTRICT. 


The  narrow,  contracted,  and  vertical  character  of  the  eastern  formations 
of  the  basin  is  fully  illustrated  at  Tamaqua,  where  the  folded  and  tilted 
condition  of  the  measures  exhibits  all  the  phenomena  of  depression  and 
coniracUon.  But  here  the  coal  is  less  injured  in  quality  and  quantity  than 
at  Nesquehoning,  and,  though  more  abrupt  and  at  higher  angles  than  at 
the  Summit,  the  veins  are,  nevertheless,  equal  in  character  and  production, 
if  not  m  1176. 

FiQ.  69. 


The  sizLS  of  the  beds,  as  illustrated  in  figure  69  ait  out  of  propoi-tion; 
tliat  is,  they  are  too  large  m  compitison  with  the  same  \ems  in  other 
sections;  but  li  diawn  to  a  proper  or  corresponding  sca,ie  with  the  extent 
of  the  basins,  they  y,  ould  not  be  discunible.  We  do  not  pretend  to  pi  oject 
them  on  a  corresponding  scale,  but  simply  give  them  to  illustrate  the 
formation,  number  of  basins,  saddles,  (axis)  dips,  and  the  general  eon- 
formation  of  the  measures.  In  figure  69  we  liave  the  Sharp  Mountain  on 
the  right  hand  and  the  Locust  Mountain  on  the  left  of  the  view.  The 
position  of  Tamaqua  is  near  the  centre,  but  more  to  the  right  than  the  left. 

There  are  two  main  axes  within  the  basin,  and  two  subordinate  rolls  or 
folds:  one  of  these  is  shown  at  the  foot  of  the  Sharp  Mountain,  to  the  east; 
the  other  is  not  represented,  but  lies  within  the  west  basin. 

The  eastern  side  of  the  basin  has  been  more  thoroughly  developed  than 
the  west  by  shafting,  and  the  folding  of  the  strata,  as  illustrated,  is  demon- 
strated by  tunnels.  The  two  centre  basins  have  not  been  penetrated,  nor 
do  we  know  that  the  third  basin,  or  the  western  synclinal,  has  been  reached; 
but  the  coals  on  each  side  of  the  main  basin  have  been  pretty  thoroughly 
developed  by  both  drift  and  slope. 

Figure  70  represents  one  of  those  sudden  rolls,  or  folding  of  the  strata, 
so  frequently  met  with  in  the  Southern  coal-field.  The  one  before  us  does 
not  appear  to  have  materially  affected  the  accompanying  seams;  but  it  ia 
evident  that  this  simple  fold  of  a  single  vein  increases  the  apparent  number 
of  veins  in  the  basin  by  two, — or  produces  two  more  in  the  original 
Tamaqua  section  than  really  exist.     The  seams  appear  in  the  iace  of  the 
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hill  as  three  distinct  beda,  but  development  has  proved  them  to  be 
synonymous.  The  sketch  illustrates  the  character  of  this  fold  simply,  and 
is  not  designed  as  an  exposition  of  the  accompanying  strata.  The  en- 
graving would  seem  to  represent  the  enveloping  strata  as  slate,  but  such 
is  not  the  intention,  since  rock,  or  sandstones  and  slates,  alternate  invariably 
in  the  vicinity  of  the  Mammoth,  and  this  is  supposed  to  be  that  vein. 

We  would  call  attention  to  the  angle  of  the  north  dip  on  the  fece  of 
the  Sharp  Mountain  at  this  point.  It  will  he  noticed  that,  though  high, 
it  is  not  beyond  a  moderate  working  angle,  or  from  60°  to  70°,    And  here 


the  coal  is  good,  and  the  veins  generally  workable;  but  ferther  west  the 
angles  of  the  north  dips  increase,  until  in  the  vicinity  of  Pottsville  they 
are  inverted,  and  the  marketable  value  of  the  coal  destroyed.  This  seems 
to  be  a  general  rule:  the  coal  is  seldom  good  on  the  vertical  angles,  and 
never,  or  very  rarely,  when  inverted. 

We  may  here  notice,  also,  the  increasing  number  of  the  anticlinals  within 
the  main  basin. 

At  Nesquehoning  we  iind  but  one  principal  anticlinal;  at  the  Summit 
we  find  two  within  the  main  basin  in  Panther  Creek  Valley, — independent, 
however,  of  the  undulation  in  the  Summit  basin;  but,  as  this  is  a  local 
formation  of  small  extent,  it  does  not  properly  affect  the  prominent  anti- 
dinals.  We  have,  however,  represented  but  one  in  our  section  across  the 
basin  at  the  Summit.  The  second  antichnal  does  not  appear  prominently 
until  we  reach  a  point  farther  west,  and  between  Tamaqua  and  the  Summit. 

At  Tamaqua  we  find  two  principal  anticlinals  and  two  subordinate  ones; 
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while  in  the  vicinity  of  Pottsville  we  have  five  prin- 
cipal anticiinals  and  several  subordinate  rolls  or 
"saddles."  There  is  always  one  basin  or  synclinal  in 
each  part  of  the  main  basin  more  than  the  numbei 
of  the  anticlinalsj  as  may  be  noticed  in  any  of  the 
sections  given,  since  the  marginal  mountains  alwajs 
form  one  basin,  independent  of  the  anticHnala  which 
may  divide  them. 

It  must  not  be  inferred  from  the  fact-  of  the  anti- 
ciinals and  synclinals — or,  in  mining-phrase,  saddles 
and  basins — increasing  in  number  as  we  proceed  west, 
that  those  anticlinalsj  &c.  are  continuous.  We  do  not 
think  any  of  those  axes  proceed  half-way  in  the  length 
of  the  main  basin.  As  we  before  observed,  all  the 
anticiinals  of  the  anthracite  regions  advance  in  echelon 
by  the  right  flank,  from  south  to  north.  They  start 
from  the  Sharp  Mountain,  in  the  Southern  coal-field, 
generally,  and  traverse  the  basin  diagonally  towards 
its  northern  margin.  But  few  of  those  anticliniL, 
however,  preserve  their  axis  from  margin  to  margin 
They  die  out,  or  sink  down,  and  another  starts  from 
their  side  to  continue  a  parallel  course.  It  is  impos- 
sible to  locate  the  course  of  the  axis  of  formation 
throughout  the  coal-fieldn  with  anj  piactical  exactness 
at  present.  It  can  only  be  done  bj  a  great  number 
of  cross-sections,  taken  at  shoit  distantes,  from  end 
to  end  of  the  coal-field,  and  these  cannot  be  obtained 
without  more  time  and  labor  than  cin  now  be  profit- 
ably spent  for  the  puipose 

It  is  always  important  thit  the  mining  engineer 
should  establish  the  exict  location  of  ea^h  axi'5  of 
formation  within  the  boundaries  of  every  mining 
establishment  or  estate.  Should  we  attempt  to  lay 
down  the  general  course  of  the  anticiinals  in  this 
work,  as  Prof.  Rogers  attempted  to  do,  it  would  only 
be  approximate,  and  would  not  be  definite  enough  for 
any  practical  purpose.  We  will,  however,  endeavor 
to  give  such  information  as  will  materially  assist  the 
practical  miner,  and  the  engineer  too,  who  may  not 
be  generally  &miliar  with  the  region,  in  unravelling 
many  of  the  heretofore  mysterious  formations  of  tlie 
anthracite  fields.  Our  object  is  to  clear  away  many 
of  the  doubts  in  regard  to  irregular  formations,  and 
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to  present  a  clear  exposition,  hy  illustration  and  text,  of  tiie  intricate  and 
singular  eontortiona  of  the  anthracite  strata. 

At  Tamaqua  we  find  more  veins  than  properly  belong  to  the  white-ash 
series  below  the  Mammoth ;  but  we  have  before  explained  and  represented 
in  figure  70  the  reason  of  this  increase, — arising  out  of  their  repetition  by 
sudden  foldings. 

We  find,  however,  a  consistency  and  order  in  the  veins  at  Tamaqua 
which  cannot  be  evoked  out  of  the  formations  of  the  Lehigh.  Hei'e  the 
veins  fell  into  theu'  places  in  order  and  uniformity  with  the  other  portions 
of  the  anthracite  regions,  where  the  conditions  are  normal  or  according  to 
law.  It  is  singular  that  the  veins  in  the  Lehigh  district  are  so  much  at 
variance  with  all  other  portions  of  the  anthracite  formations.  But,  as  we 
said  in  another  place,  it  is  possible  the  miners  are  more  in  eri-or  than  the 
coal-beds. 

Figure  71  is  a  vertical  section  of  the  Tamaqua  coal  measures,  and  may 
be  taken  as  a  general  type  of  the  district.  We  think,  however,  that  we 
have  been  led  into  error  by  the  repetitions  of  the  beds  here,  and  have, 
therefore,  misapplied  the  names  or  letters.  We  find,  since  our  engravings 
were  executed,  it  is  more  than  probable  that  C  is  really  B,  and  that  B, 
as  applied,  should  be  represented  by  it.  This  may  be  considered  as  the 
proper  condition.     Such  an  alta-ation  would  place  D  up  to  the  3-feet  vein 


under  the  Mammoth,  which  we  have  included  with  the  Mammoth,  or  E, 
in  order  to  compensate  for  the  error  of  placing  B  in  the  position  properly 
belonging  to  A,  thus  making  two  errors  to  rectify  one.     With  this  ex- 
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planation  we  hope  figure  71  will  be  understood.  We  may  have  made 
other  errors,  but  if  discovered  in  time  we  will  try  to  rectify  them,  aa  in  tlie 
present  case. 

The  Mammoth 'at  Tamaqua  is  not  as  large  as  it  is  generally  found,  but 
we  have  not  given  its  majiimum  dimensions.  It  is  found  in  the  vicinity 
over  50  feet  thick;  but  we  think  the  size  given  in  iigure  71 — that  is,  20 
feet — about  its  best  workable  size  in  this  district.  Our  data  are  chiefly 
derived  from  the  officers  of  the  Little  Schuylkill  Coal  Company,  and  from 
Mr.  George  Brown,  whose  long  and  practical  experience  makes  hjm  g<  ni 
authority  on  such  matters. 

The  Holmes  (F)  and  the  Primrose  (G)  are  in  their  proper  sizes  and 
places;  while  the  red-ash  veins,  H,  I,  and  J,  are  also  in  their  uniform 
places  and  sizes. 

The  Skidmore  (D)  does  not,  however,  appear  in  its  proper  place  or  con- 
dition; but  it  is  a  variable  vein,  and  we  do  not  think  it  an  important 
discrepancy,  since  it  frequently  depreciates  in  size. 

The  two  following  sections  are  on  the  Greenwood  Coal  Company's  pro- 
perty, east  of  Tamaqua.  The  data  were  obtained  from  Mr.  Robert  Carter, 
General  Superintendent. 


Section  of  MammotJi,  at  Greenwood. 

Feet. 

Top  slate 1.6i 

Coat 6.0 

Bone  and  slat« 3 

Coal 5.0 

Boae  and  slate 3 

Coal 7.0 

Bone  and  slate 4 

Coal 6.0 

Slate 3 

Coal 6.0 

Slate 4 

Coal 7.0 

Slate 2 

Bony  coal,  refused 5,0 

Coal,  good 7.0 


Section  of  Measures  at  Greenwood. 


Coal,  H,  red  ash.... 

Measures 

Coal,  (t,  Primrose.. 
Measures 


.     14 
.  100 


Coal,  F,  Holmes 2 

Measures 170 

Coal,  E,  Mammoth 50 

Measures 66 

Coal,  D,  Skidmore 8 

Measures 150 

CoaI,CT ^ 

Measures If^'* 

Coal,  B,  Buck  Mountain 10 

Measures '80 

Coal,  A,  from  6  to 8 

Conglomerate ? 

It  will  be  observed  that  the  above  vertical  section  through  the  measures 
at  Greenwood,  between  the  Lehigh  and  Tamaqua,  is  perfect.  The  veins 
are  in  full  size  and  in  their  proper  places.  We  cannot  conceive  how  the 
variation  can  be  so  great,  only  a  few  miles  farther  to  the  east,  at  the 
Summit  mines. 
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CHAPTER  SII. 

POTTSTILLE    DISTRICT. 

PotfaTille  District — Section  across  the  District  frctm  tie  Sharp  Mountain  to  the  Broad 
Mountain— Baaiu 3 — Subordinate  Basins— First,  or  Potlsville,  Basin — Gate  Eidge  Anli- 
olinal— Second  Basin—Third  Basin— Fourth  Basin— Fifth  Basin— Sisth,  or  Mine  Hill, 
Basin — Vertical  Section  at  Pottsvillo — CoaI-13eds — A,  or  Alpha — B,  or  the  Buck  Moun- 
tain— C,  or  Gamma — D,  or  the  SkidmoTe — E,  or  tlio  Mammoth  and  Seyen-Fect — F,  or 
the  Holmea — G,  or  the  Primroae — H,  or  the  Orchard— I,  or  the  Little  Orchard — J,  or 
the  Daddow— K,  or  the  Big  Tracy- L,  or  the  Little  Tracy— M,  or  the  Gate— N,  or  the 
Sandroek — Total  Thickness  of  Coal,  and  of  tlie  Coal  Measures — Swatara  District — 
Lykens  Valley  Fork — Outcrops — Bear  Valley  Formation — The  Dauphin  Fork — Section — 
Red-  and  White-Aah  Coals. 

This  portion  of  the  Southern  coal-field  is  prominent  as  its  central  and 
most  developed  district;  and  here  we  find  all  the  veins  known  to  tlie 
antliracite  formations  of  Pennsylvania  in  order  and  iiniformitj  consistent 
with  other  regions.  Here  we  find,  also,  the  deepest  basins,  and  all  tiie 
peculiarities  developed  in  other  districts.  It  will  be  interesting,  therefore, 
and  perhaps  useful,  to  illustrate  in  detail  the  varied  formations  and  beds 
of  coal,  and  compare  the  facts  presented  and  illustrated  in  reference  to 
other  fields  and  districts  with  tliose  we  have  now  before  us.  We  sliall  find 
more  uniformity  and  consistency  than  might  be  expected  from  the  many 
peculiarities  and  irregularitiGS  which  we  find  around  us.  But  even  those 
irregularities  or  contortions,  if  we  may  call  them  so,  will  be  found  a  uni- 
fonnity,  subject  to  the  same  causes  and  governed  by  the  same  laws.  We 
shall  also  find  an  almost  invariable  order  of  disposition  in  the  strata  and 
general  characteristic  features  governing  the  coal-beds. 

It  is  stated  by  the  former  State  geologist,  who  spent  much  time  and 
patient  study  in  the  investigation  of  our  anthracite  fields,  that  the  identity 
of  the  veins  was  an  irapossibili^,  and  that  but  little  similarity  existed 
between  the  formations  or  measures  of  the  respective  fields.  But  we  find 
this  to  be  a  mistalie,  arising  from  misconception  and  the  want  of  that 
practical  experience  and  judgment  necessary  to  distinguish  between  theory 
and  fact,  and  to  reconcile  and  arrange  facts  and  data  drawn  fi'om  a  thousand 
sources.  Had  we  adopted  the  views  and  opinions  of  all  those  from  whom 
our  information  was  obtained,  we  should  have  made  the  "  confusion  worse 
confounded." 

We  have  occasionaUy  found  much  diificulty  in  reconciling  the  fiicts 
derived  from  different  sources;  but  patient  investigation  generally  brought 
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order  out  of  Bceming  contradiction  and  confusion;  and  we  have  no  doubt 

but   that  the   "Lehigh   riddle"  

might  be  easily  solved  by  careful 
investigation, — which,  however, 
we  are  sorry  to  say,  time  will  not 
permit. 

Figure  74  illustrates  the  form- 
ation and  undulations  of  the 
coal  measnrea  from  the  Sharp 
Mountain,  in  the  vicinity  of 
Pottsville  and  Port  Carbon,  to 
the  foot  of  Broad  Mountain,  at 
Repplier's  Mammoth  colliery. 
Wolf  Creek,  by  the  line  of  Mill 
Creek  and  St.  Clair.  But  we 
shall  also  apply  the  section  to  the 
line  of  Norwegian  Creek  by  Oak 
Hill,  Mount  Laffee,  and  Coal- 
castle. 

The  section  is  drawn  looking 
east;  the  right-hand  margin 
being  the  Sharp  Mountain  and 
the  left  the  Broad  Mountain. 
There  are  sis  large  or  prominent 
basins  within  the  field  and  repre- 
sented in  this  illustration;  but 
there  are  perhaps  as  many  rolls 
or  subordinate  undulationsmtbin 
the  main  ones  which  are  not  re- 
presented ia  the  figure.  First, 
there  appears  to  be  a  slight  roll 
on  the  Gate  Ridge  anticlinal,  A, 
the  first  anticlinal  north  of  the 
Sharp  Mountain ;  the  second  de- 
veloped wave,  or  subordinate 
basin,  is  shown  within  the  third 
main  basin  and  north  of  the  Mill 
Creels  anticlinal,  g;  the  fourth 
set  of  undulations  are  found  in 
the  furnace  or  shaft  basin,  and 
developed  in  Milne's  Hickory 
colliery.  Here  several  minor 
rolls  have  been  developed,  and 
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these  undulations  are  also  manifest  in  the  same  basin  at  Oak  Hill,  in 
Brown's  old  Primrose  water-levels,  and  in  the  workings  of  the  Primrose 
and  Orchard  veins  on  the  west  branch  of  the  Schuylkill,  near  Mine  Hill 
Gap. 

John's  basin,  at  the  south  foot  of  the  Mine  Hill,  is  small  and  limited  in 
length  and  breadth,  and  can  scarcely  be  placed  among  the  prominent  basins ; 
but  we  find  its  counterpart  at  Mount  Lafice,  and  have,  therefore,  laid  it 
down  as  the  fifth  basin,  instead  of  assigning  it  as  a  temporary  roil  or  undu- 
lation. 

The  last  subordinate  basin  wo  shall  mention  in  this  connection  lies 
within  the  sixth  or  Mine  Hill  basin,  and  is  known  as  the  Jugular  roll  or 
"  overthrow." 

We  have  mentioned,  thus,  a  few  of  those  small  and  subordinate  undula- 
tions before  describing  the  principal  ba.sins,  in  order  to  prevent  confusion 
in  the  statement,  and  enable  our  practical  readers  to  follow  us  without 
noticing  the  future  omission  of  those  inferior  basins. 

THE   FIEST,  OR  POTTSVILLE,  BASIK. 

1.  The  first  and  most  extensive  basin  lies  between  the  Sharp  Monntain, 
I,  and  the  Gtate  Ridge  anticlinal.  A,  and  underlies  Pottsville  and  Port  Car- 
bon in  this  vicinity.  It  is  nearly  a  mile  wide  from  outcrop  to  outcrop, 
and  is  the  largest  basin  in  the  anthracite  fields,  extending  from  a  point 
east  of  Middleport  to  the  end  of  the  Dauphin  Fork,  a  distance  of  not  less 
than  50  miles.  Along  the  entire  distance  it  preserves  its  peculiar  character. 
The  north-dipping  strata  are  always  perpendicular  or  inverted  at  their 
outcrops,  and  descend,  in  all  probability,  nearly  3000  feet  before  a  change 
from  the  perpendicular  is  made.  This  feature  of  the  South,  or  Shiirp 
Mountain  is  manifest  in  every  water-gap  along  its  line,  but  more  pecu- 
liarly so  west  of  Middleport.  At  this  point  the  field  is  suddenly 
increased  in  breadth  to  double  its  dimensions  farther  east,  by  an  abrupt 
shifting  of  the  Sharp  Mountain  range  to  the  south.  In  the  oblique  corner 
formed  by  this  offeet  of  the  conglomerate,  several  axes  originate;  and  in 
the  vicinity  all  the  anticlinals  of  the  western  portion  of  the  field  start  out, 
but  none  of  tiiem  are  so  persistent  as  the  Gate  Ridge  anticlinal  and  the 
Southern  basin,  whose  extensive  range  we  have  just  mentioned. 

Figure  74  correctly  illustrates  the  dip  of  the  strata  near  Pottsville; 
while  figure  94  represents  the  basin  at  Black  Spring  Grap  in  the  Dauphin 
Fork.  Between  these  points  the  strata  change  but  little  from  the  vertical, 
and  the  veins  generally  are  so  crushed  and  distorted  that  little  workable 
coal  exists  iu  these  north  dips  of  the  South  basin.  It  is  plainly  evident 
that  the  contracting  forces  were  mainly  exerted  on  the  deeper  basins, — 
originally  deeper,  no  doubt,  but  particularly  so  on  the  southern  deeply- 
depressed  strata;  that  is,  the  contracting  forces  were  exerted  on  the  deep 
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and,  consequently,  weaker  axes,  In  fevor  of  tJic  higher  and  less  corrugated 
strata,  as  we  explained  in  the  early  pages  of  this  work.  The  effects  of 
this  contracting  force  not  only  tend  to  depress  further  the  already-depreaaed 
basins,  but  also  to  elevate  the  anticlinals  or  ridges. 

If  we  .take  a  book  and  lay  it  open  about  the  middle  before  us,  it  -will 
very  nearly  represent  the  strata  of  a  gently  inclining  basin,  the  leaves 
being  the  strata.  If  we  depress  the  middle,  we  have  a  representation  of 
the  action  of  the  crust-contractions:  the  leaves  are  elevated  and  come 
together  as  the  middle  is  depressed.  And  if  we  apply  force  to  the  cover,  for 
the  purpose  of  closing  the  book,  we  see  the  effects  of  tlie  forces  which  have 
contracted  not  only  our-  coal-basins,  but  a  wide  extent  of  the  strata  east  of 
the  Alleghanies,  The  axes  are  the  weakest  points,  and  the  strata  naturally 
fold  from  these  points,  whether  anticlinal  or  synclinal,  as  a  book  folds  or 
hinges  on  its  back. 

In  the  section  presented,  we  have  drawn  a  line  from  m  to  n,  represent- 
ing the  proper  or  real  thickness  of  the  coal  measures,  or  their  depth  as  strati- 
fied in  its  original  position.  It  is  plain  that  the  uptilting  of  the  strata  or 
depression  of  the  synclinals  naturally  increases  the  depth  of  the  basins, 
since  the  strata  are  either  brought  together  like  the  leaves  of  a  book  when 
closed,  and  thus  presenting  the  breadth  of  the  book,  instead  of  half  its 
ttiickness,  as  the  depth  of  the  axis,  or  the  strata  are  less  acutely  folded,  and 
the  depression  filled  with  subsequent  sediment  to  the  water-level. 

According  to  our  measuremeut,  the  actual  thickness  of  the  anthracite 
coal  measures  is  between  2000  and  2500  feet,  while  the  actual  depth  of  the 
Southern  basin  is  over  3000  feet.  This  will  be  manifest  by  the  sections 
Vertical  section  figure  75  gives  the  minimum  thickness  of  the 
i  at  right  angles :  in  some  localitiea  they  are  perhaps  one-fourth 
greater  in  thickness. 

The  Gate  Rukje  Akticlinal  succeeds  the  first,  or  Southern,  basin. 
The  strata  here  present  the  same  appearance  on  their  north  dip  as  in  the 
Sharp  Mountain.  A  singular  phenomenon  is  here  presented  of  south-dipping 
angles  on  both  sides  of  an  anticlinal  and  also  on  both  sides  of  a  synclinal 
axis.  All  the  strata  appear  to  dip  nnder  the  Sharp  Mountain,  and  the 
veins  outcropping  in  the  Gate  ridge  axis  all  dip  south,  apparently  as  distinct 
and  independent  beds,  though  half  of  them  are  really  north-dipping  veins 
of  the  second  basin,  and  only  half  south-dipping  veins  of  the  first  basin. 
It  will  be  noticed  in  figure  74  that  the  Gate  vein  M  is  also  the  Salem  vein 
M, — the  Gate  being  the  north  dip  of  the  second  basin,  and  the  Salem  the 
south  dip  of  the  first  basin. 

This  singular  formation  was  for  a  long  time  a  mystery  to  our  most 
practical  miners ;  and  even  now  it  is  rare  to  find  any  but  professional  men 
who  fully  comprehend  this  feature  of  the  anthracite  regions ;  for  not  only 
in  this  portion  of  the  field,  but  in  all  the  basins  within  it,  many  of  the 
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north-dipping  veins  liave  the  appearance  of  south  dips  on  their  outcrops. 
Tlie  same  feature  is  manifest  in  the  Mahanoy  portion  of  tho  Middle  coal- 
field, and  it  occm'B  sometimes,  though  rarely,  in  both  tlie  Shamokin  and 
the  Wyoming  regions.     We  seldom  find  inverted  strata  in  the  south  dips. 

The  Daddow  Tunnel,  which  was  driven  south  into  the  Shai-p  Mountain, 
a  short  distsinee  above  Port  Carbon,  about  the  year  1834,  was  the  first  effort 
to  develop  the  veins  in  that  side  of  the  basin.  We  believe  14  beds,  small 
and  large,  were  cut;  and  though  they  all  still  dipped  to  the  south,  it  was 
then  first  suggested  tliat  they  eventually  might  change  to  north-dipping 
veins.  The  author  preserved  for  a  long  period  a  section  of  this  tunnel ; 
but  unfortunately  it  is  now  missing. 

Geologists  may  think  it  strange  that  any  difficulty  should  exist  in 
explaining  those  irregular  formations ;  but  the  geologists  of  that  day  were 
even  more  at  feult  than  the  miners,  and  up  to  a  late  date  the  errors  then 
])ublished  still  misled  the  scientific  world ;  while  palpable  errors  of  a  later 
date  attest  the  feet  that  scientific  men  are  not  more  exempt  from  this 
fallacy  than  the  experimentally  practical. 

We  think  it  may  be  justly  stated  that  one  of  our  old  English  miners 
was  the  first  to  surest  a  theoiy  to  account  for  the  repetition  of  the  veins. 

The  first  sketch  ever  made  of  the  undulations  of  the  antliracite  measures 
was  drawn  by  Mr.  John  Beadle,  then  managing  the  old  Gate  vein  colliery 
for  Messrs.  Mann  &  Williams,  on  the  walls  of  the  mine-office;  and  this 
sketch  remained  on  the  walls  of  that  office  for  years,  and  was  often  dis- 
cussed and  observed  by  many  who  since  claim  for  themselves  the  credit  of 
originators.  We  know  this  to  be  correct;  and  though  the  rough  chalk- 
sketch  alluded  to  did  not  attempt  a  correct  delineation,  it  still  presented 
the  suggestion,  which  has  since  been  developed  in  fact,  and  which  we  now 
present  in  figure  74  as  the  result  of  thirty  years'  inquiry  and  proof. 

SECOND  BASIN. 

2.  Basin  No.  2,  or  the  basin  lying  between  the  Gate  anticlinal  and  the 
Mill  Creek  or  Centreville  anticlinal,  has  been  but  little  developed,  since 
none  but  the  upper  veins  come  to  the  surface.  Here,  at  an  early  day,  how- 
ever, Col.  George  Shoemaker  obtained  from  the  Centreville  mines  the  first 
anthracite  coal  successfully  burned  in  Philadelphia.  This  must  have  been 
from  the  Lewis,  Spohn,  Gate,  or  Salem  vein ;  for  they  are  synonymous  names 
for  the  same  coal-bed. 

At  Mill  Creek  (g),  M,  on  tlie  Lewis  as  it  is  here  called,  has  been  mined 
for  a  considerable  period,  and  the  underlying  veins  K  and  L,  or  the  Big 
and  Little  Tracy,  have  also  been  tunnelled  to  and  worked ;  but  all  these 
beds  are  smaller  here  than  they  generally  are.  The  Gate  vein,  or  M,  does 
not  seem  to  enter  the  third  basin  on  Mill  Creek,  but  outcrops  in  the  tliird 
on  the  Norwegian  or  the  old  Delaware  Coal  Company's  tract. 
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3.  The  Thied  basin  appears  to  be  generally  a  double  one,  but  the  eleva- 
tion of  its  central  axis  does  not  bring  the  veins  to  the  surface.  But  little 
mining  has  been  done  in  this  basin  on  Mill  Creek,  tliough  the  upper  red- 
ash  veins  K,  L,  and  M  were  extensively  worked  by  the  old  Delaware  Coal 
Company,  at  the  East  and  West  Delaware  mines  on  the  waters  of  Norwegian 
Creek. 

The  depth  of  those  basins  is  approximately  shown  by  the  figures  on 
the  transverse  section,  and  the  general  dip  of  tlie  measures  is  also  approxi- 
mately shown :  we  will,  therefore,  simply  refer  to  the  illustration,  without 
detailing  further  the  oft-repeated  vertical  north  dips. 

4.  The  Fourth,  or  shaft  basin  of  St,  Clair,  lies  between  the  furnace  or 
Delaware  anticlinal  and  the  Mine  Hill,  sepai-ated,  however,  from  the  latter 
by  several  minor  anticlinals  and  small  basins.  This  basin  is,  perhaps, 
deeper  than  the  third,  or  the  next  one  south,  and  is  supposed  to  be  from 
1000  to  1500  feet  deep,  from  a  sudden  increase  in  the  angle  or  dip  of  the 
strata,  south  of  the  abaft.  The  fourth  basin  is  generally  wide,  undulatiagf 
and  gentle  in  its  south  dips,  particularly  in  the  vicinity  of  St.  Clair  and 
the  East  aud  West  Delaware  mines.  But  its  north  dip  is  steep  and  abrapt, 
in  uniformity  with  all  or  most  of  the  north  dips  in  this  district.  All  the 
veins,  with  the  extfeption  of  one  or  two  of  the  lowest,  outcrop  to  the  north 
of  this  basin  on  Mill  Creek;  but  at  Mount  Laffee,  the  Primrose  or  Holmes 
{G  &  F)  are  the  lowest  outcropping  veins.  The  Mammoth  rolls  over  into 
the  fifth  and  last  basin,  south  of  the  Mine  Hill, 

6.  The  Fifth  basin  is  an  irregular  one,  of  small  dimensions.  At 
St.  Clair  it  is  known  as  John's  basin.  Its  western  terminus  is  between 
St.  Clair  and  Wadesville;  but  a  corresponding  one  starts  out  from  the  north 
side  of  its  western  point  and  continues  beyond  Minersville.  The  St,  Clair 
portion  of  this  range  of  small  basins  continues  but  a  short  distance  to  the 
east,  and  a  mile  and  a  half  will  perhaps  cover  the  entire  range  of  the 
Mammoth  in  this  small  basin, — that  is,  the  one  east  of  Mill  Creek,  and 
loiown  as  John's  basin.  The  "Seven-feet,"  a  leader  of  the  Mammoth,  is 
the  highest  vein  in  this  basin.  But  at  Mount  Laffee  the  fifth  basin  con- 
tains both  the  Holmes  and  tlie  Primrose  in  addition. 

6.  The  Mine  Hill  basin  is  the  sixth  and  last  of  tlie  basins  within  the 
Southern  coal-field,  or  in  the  Schuylkill  district  of  the  same. 

This  basin  commences  substantially  on  Mill  Creek,  above  St.  Clair,  as 
its  western  extremity;  but  the  underlying  veins,  which  are  small  and  in 
bad  condition,  run  some  miles  farther  east.  The  Mammoth,  however,  is 
not  found  east  of  Mill  Creek. 

At  Coalcastle  this  basin  is  nearly,  if  not  fully,  half  a  mile  wide,  and 
perhaps  a  thousand  feet  deep.     It  is  not,  however,  a  single  basin,  but 
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contains  a  subordinate  one,  Icnown  as  tlie  Jugular  "overtlirow."  This  is 
a  sharp,  ioverted  basin  in  the  vicinity  of  Coalcastle,  lying  on  the  north  of 
the  main  basin,  and  along  the  foot  of  the  Broad  Mountain. 

The  Coalcastle  basin  and  ita  accompanying  Jugular  formation  are  illus- 
trated in  figure  75. 

FiQ  75. 


It  will  be  noticed  in  this  section  that  the  Mammoth  vein  basins  twice; 
once  in  a  regular  manner  in  the  main  south  basin,  and  again  in  an 
irregular,  inverted  manner  to  the  north, — forming,  to  all  appearances, 
anotlier  or  distinct  set  of  veins,  which  for  a  long  period,  and  even  to  the 
present  time,  have  been  mistaken  for  a  second  series  of  lai'ge  white-ash  beds. 

This  formation  gave  rise  to  the  mythical  Jugular  vein, — ^the  name  given 
to  the  Mammoth  at  Coalcastle,  in  tlie  north  or  vertical  basin.  The  forma- 
tion is  calculated  to  mislead,  since  the  dips  are  all  regularly  south,  and  the 
stratification  uniform.  But  little  evidence  is  manifest  of  an  anticlinal 
between  the  two  basins.  The  upper  veins  outcrop,  and  the  axis  is  sharp, 
and  the  rocks  violently  broken,  so  that  but  little  evidence  exists  hereof  the 
overlap.  At  Wolf  Creek,  however,  tlie  evidence  is  clear  and  the  proo6 
indisputable;  and  no  mining  engineer,  femiliar  with  our  formations,  would 
now  pretend  to  support  the  "Jugular  theory." 

It  was  ouce  supposed,  from  the  development  made  at  this  locality, — ■ 
Coalcastle, — tliat  a  second  great  seam,  superior  to  tlie  Mammoth,  and 
known  as  the  Jugular,  existed  in  the  anthracite  fields.  Even  Professor 
Rogers  admits  the  theory  in  his  great  work  on  the  Geology  of  Penn- 
sylvania, without  questioning  its  correctness. 

The  Mine  Hill  basin  is  about  14  miles  in  length;  it  divides  at  i^ 
western  end,  and  terminates  in  two  prongs,  as  formerly  stated.  The 
red-ash  veins  do  not  appear  in  this  basin. 


VERTICAL  SECTION  AT  POTTSVILLE, 

'.  73  represents  the  coal  measures  in  the  deepest  part  of  the 
anthracite  fields.  The  section,  however,  only  includes  the  productive 
strata,  and  terminates  with  the  upper  vein  N,  above  which  500  feet  of 
unproductive  measures  may  exist.  Pleasured  in  the  centre  of  the  deep 
basins,  the  distance  to  the  first  workable  veins  would  be  over  a  thousand 
feet;  but  this  measurement  could  not  be  vertically  across  the  strata,  or  at 
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right  angles  to  the  veins.     "We  tbink  our  *". 

measurements  are  rather  tending  to  the  mini- 
mum than  the  maximum  thickness,  as  a  eom- 
pErisoi\  with  other  sections  would  indicate. 

The  number  of  veins  shown  as  workable 
beds  in  our  section  is  15,  but  we  have  only 
14  distinct  names,  since  the  "Seven-Feet," 
immediately  overlying  the  Mammoth,  is 
only  a  leader  of  that  great  bed,  and  fre- 
quently incorporated  with  it.  We  have, 
tlierefore,  not  given  it  a  location  and  a  name, 
because  its  existence  as  a  separate  veiu  is  un- 
certain and  temporary. 

The  lower  vein.  A,  tiiough  a  consistent 
and  uniform  bed,  varyiiig  from  2  feet  to  6 
feet,  is  not  often  workable.  It  is  more  fre- 
quently small  and  impure  than  otherwise. 

C  is  likewise  a  rather  uncertain  seam,  and 
is  not  often  workable,  but  is  always  con- 
sistent and  in  place,  though  not  always  de- 
veloped or  noticed. 

There  are  nine  or  ten  small  seams,  ranging 
from  eighteen  to  thirty  inches,  not  considered 
workable,  and  a  number  of  still  smaller 
seams,  not  recognized  or  noted  in  mining 
operations.  How  many  of  these  small  strata 
exist  in  the  coal  measures  we  have  no  means 
of  correctly  aseei'taining,  hut  presume  them 
to  be  from  10  to  15,  and  the  whole  number 
of  seams,  both  small  and  large,  in  the  anthi'a-  \\  \'  •   't.-^- 

cite  measures,  about  40.     The  15  beds  which  ^'p^fc^ 

we  have  given  as  workable  coal  have  an 
average  thickness  of  123  feet  in  the  Southern        ~  \-^\  pj)  rFF 
field,  but  the  maximum   thickness   of  the  [' . '"   Yt^t^ 

lowei-  or  white-ash  series  alone  is  often  104 
feet  The  unworkable  seams  contain  about 
37  feet  of  coal,  and  the  tobil  thicliness  of 
coal  is  not  less  than  150  feet. 

We  may  now  proceed  to  give  a  description 
of  each  bed  as  they  occur  iu  the  column, 
remarking  their  identity  with  the  same  bed 
in  other  regions,  as  illustmted  in  our  pre- 
ceding sections. 
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A,   OR  ALPHA. 

This  is  the  lowest  consistent  coal-bed  in  the  anthracite  or  bituminous 
coal  measures  in  the  great  Appalachian  formations.     It  is  frequently  ovei^- 
looked  and  neglected ;  but  we  have  uever  examined  a  locality  in  any  of  the 
trae  bituminous  or  anthracite  coal-fielda  in  the  United  States  where  it  did 
not  exist.     Occasionally  it  is  very  small,  but  it  always 
occupies  the  same  geological  position  as  the  first  coex- 
tensive coal-bed  in  the  conglomerate  roclis.     Where  those 
rocks  are  of  extraordinary  thickness,  even  the  second  and 
third  veins  are  enveloped  in  their  strata;  but  where  they 
are  comparatively  thin,  this  seam  is  either  close  above 
them,  or  directly  on  them. 

We  not  only  find  this  seaman  the  anthracite  regions,  but 
it  is  plainly  distinguished  in  the  outlying  basins  of  the  great  bituminous 
fields.  Figure  115,  representing  the  Sullivan  county  (Pennsylvania)  coal, 
on  the  Loyal  Lock,  shows  it  clearly.  It  ranges  from  2  to  4  feet  in  that 
section,  and  has  an  extensive  range,  but  varies  much  in  quality. 

Sometimes  the  coal  is  pure  and  excellent  in  character,  but  frequently  it 
is  coarse  and  slaty.  While  the  upper  veins  only  exist  in  limited  patches 
in  those  outlying  basins,  this  small  coal  A,  existing  in  the  conglomerate 
generally,  has  been  preserved  over  a  much  greater  extent  of  territory,  from 
the  greater  resistance  offered  to  the  denuding  forces  by  the  hard  and 
tenacious  character  of  this  rock. 

On  the  Great  Kanawha,  in  West  Vit^inia,  this  small  seam  is  also 
plainly  recognizable  on  the  conglomerate.     It  is  there  overlaid  by  the  vein 
B,  corresponding  in  form  and  chai-acfer  to  the  same  vein 
here.    It  is  sometimes  eanne!  in  tlie  West. 


E,  OR  THE  BUCK  MOUNTAIN  BED. 

This  is  the  second  seam  or  bed  of  the  anthracite  coal 
measures,  and  is  separated  from  A  by  30  to  100  feet  of 
strata, — sometimes  almost  entirely  of  conglomerate,  ivith 
small  strata  of  slate,  but  frequently  by  thin  sandstones  and 
slates.  It  is  generally  a  large,  workable  bed,  and  is  next 
to  the  Mammoth  in  size  and  character.  It  ranges  from  8 
to  20  feet  in  thickness;  and,  if  we  are  not  mistaken  in  our 
views  in  regard  to  this  seam  at  Nanticoke  and  one  or  two 
other  localities,  it  is  sometimes  found  as  large  as  30  feet. 

E  is  known  best  as  the  Buck  Mountain  bed,  from  the  operations  of  the 
Buck  Mountain  Coal  Company  on  this  vein  in  the  eastern  end  of  the 
Hazleton  basin,  one  of  the  Lehigh  group.     At  the  mines  of  this  company 
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it  is  from  12  to  20  feet  in  thickness,  and  productive  of  excellent  coal,  which 
ia  celebrated  as  a  superior  steam  fuel.  In  the  Black  Creek  basin  it  also 
exists  in  fine  condition  generally,  with  an  average  thickness  of  12  feet.  In 
the  Mahanoy  region  its  general  size  is  from  10  to  15  feet,  and  at  Tamaqua 
it  is  given  as  15  feet.  In  the  New  Boston  or  Broad  Mountain  basin, — 
lying  between  the  central  portion  of  the  Southern  coal-field  and  the 
Mahanoy  region, — this  bed  ia  in  its  maximum  condition.  It  is  there  18 
feet  in  thickness,  and  exceedingly  pure  and  excellent,  as  shown  by  the 
sections  which  are  presented  fiirther  on  in  illustration  of  that  basin. 

In  this  district  it  is  not  generally  considered  workable,  and  ia  not  always 
marketable,  on  account  of  its  coarse  appearance.  But  this  feature  ia  more 
local  than  general.  We  may,  therefore,  accept  B  as  a  generally  productive 
and  prominent  member  of  the  anthracite  group;  in  feet,  we  may  consider 
this  bed  of  much  greater  importance  than  the  Mammoth,  since,  as  a  general 
rule,  it  is  equally  as  large,  and  much  more  extensive.  It  is  the  principal  bed 
in  all  the  Western  coal-fields,  and  furnishes  nearly  all  the  fuel  used  in  the 
bituminous  fields  for  the  manufecture  of  iron.  Its  character  is  peculiar:  it 
is  almost  invariably  a  double  bed  wherever  found,  divided  by  fire-clay,  or 
elate;  it  always  produces  a  red-ash  coal  from  its  lower  benches;  is  always 
dense,  solid,  and  tenacious.  As  an  anthracite,  it  is  our  best  furnace  coal 
when  pure.  Its  only  defect  is  the  quantity  of  ash  which  it  produces;  hut 
this  might  be  remedied  to  a  great  extent  by  careful  selection  and  cleaning. 
In  the  bituminous  regions  it  is  often  used  raw  in  the  furnace,  when  not 
liable  to  cake;  but  generally  it  is  first  coked  or  carbonized  before  use.  It 
rarely  ever  Mis  to  produce  a  good  coke. 

We  shall  refer  to  this  bed  frequently  in  our  future  descriptions  of  other 
coal-fields,  and  trace  it  by  unmistakable  evidences  from  one  side  of  the 
great  basin  to  the  other. 

C,  OR  GAMMA, 

is  a  small  and  generally  unimportant  seam,  ranging  from  4  to  8  feet  in 
thickness,  and  divided  by  slate  partings,  which  fatally  injure  its  value 
when  in  its  minimum  dimensions.  In  our  column  of  this 
district  it  is  small,  and  not  considered  workable;  but  in 
the  New  Boston  basin,  in  the  Mahanoy  region,  and  in 
some  of  the  Lehigh  basins,  it  is  of  fair  size  and  character, 
and  may  be  considered  productive.  Were  it  not  contrasted 
with  our  Mammoth  bed,  and  others  of  more  than  ordinary 
thickness,  it  might  be  considered  a  good-sized  bed;  and 
were  it  a  constituent  of  some  of  the  ceJebrated  bituminous  coal-fields  of 
England,  or  our  Western  basins,  it  would  be  considered  as  a  large,  work- 
able seam. 
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THE  SKIDMOEE. 

D  is  known  in  this  region  as  the  Siiidniore,  and  ia  the  Lehigh  basins 
as  the  Wharton.  Its  usual  thieknesa  is  8  feet,  but  it  varies  from  (5  to  12  feet. 
It  is  generally  considered  a  workable  vein  in  all  parts  of  the  anthracite 
regions,  and  productive  of  fair  merchantable  coal.  It  contains  some  im- 
purities, but  the  bone  and  slate  partings  are  concentratetl 
in  sections,  or  benches,  and  are,  consequently,  more  readily 
separated  from  the  coal  than  when  those  impurities  are 
promiscuously  scattered  through  the  coal.  There  is 
nothing  peculiar  about  this  bed  to  note  especially,  except 
that  it  immediately  preceded  the  formation  of  the  grand 
and  celebrated  Mammoth,  from  which  it  is  separated  by 
from  30  to  100  feet  of  slates  and  sandstones.  In  the 
Northern  coal-field,  Scranton  district,  D  is  only  22  feet 
below  the  Mammoth,  while  at  Carbondale  it  is  merely  separated  by  a  few 
feet  of  slate,  and  forms  part  of  the  Mammoth.  In  that  region  the  veins 
ai'e  all  distinctly  shown,  but  they  are  divided  by  compara- 
Fia.  81.  tively  thin  strata,  and  the  veins  themselves  are  consider- 

ably diminished,  vide  figure  25. 


THE   MAMMOTH. 

This  is  the  great  bed  of  the  anthracite  coal-fields,  and 
perhaps,  considering  its  extent  and  frequent  enlargements, 
the  most  magnificent  coal-bed  in  the  world.  Its  most  pro- 
ductive or  best  condition  is  perhaps  thirty  feet  in  thick- 
ness ;  but  it  varies  from  12  to  70  feet.  In  figure  81  we 
have  given  it  as  25,  which  may  be  accepted  a-<  it->  a\erage 
size  in  this  district.  In  the  Lehigh  distritt  it  mnges 
from  40  to  60,  but  contains  less  workable  coal  than  it 
does  when  only  30  feet  thick,  as  in  the  Lehigh  detiched 
basins  and  elsewhere.  In  the  New  Boston  bism  it  is 
over  60  feet  thick,  vertically  across  the  strati  of  the 
coal,  while  the  bed  is  uniformly  deposited  in  a  m  lcrat>ly 
dipping  basin.  Generally,  those  great  enUrgementa  are 
on  an  axis  of  formation,  either  synclinal  or  anticlinal, 
where  the  vein  is  doubled,  and,  consequently,  the  benches 
are  counted  twice.  But  in  the  New  Boston  basin  such  m 
not  the  case.  The  vein  is  evenly  stratified  and  single.  In 
the  Mahanoy  region  the  average  size  of  the  Mammoth  ia 
from  25  to  30  feet  in  thickness ;  but  there,  as  elsewhere, 
1  great  enlargements  are  found.     One  of  these  is  at  the  McNeal  col- 
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liery,  where  the  vein  is  over  50  feet  thick,  and  another  is  at  Shenandoah 
City,  where  it  is  between  70  and  80  feet  thick.  But  both  these  excessive 
dimensions  are  on.the  vertical  north  dips,  where  the  vein  is  probably  doubled. 
In  the  Shamobin  region  tlie  Mammoth  is  divided,  and  is  known  as  the 
Twin  veins.  Each  division  ranges  from  9  to  16  feet  in  thiclmese,  and  is 
divided  by  from  10  to  40  feet  of  siate  and  sandstone.  In  the  Lehigh  basins 
its  size  is  generally  uniform,  and  ranges  from  25  to  35  feet,  and  the  bed  is 
in  fine  condition. 

In  the  Wilkesbarre  district  of  tlie  Northern  coal-field,  the  Mammoth, 
under  the  name  of  the  Baltimore  vein,  is  about  20  feet  thick ;  in  the 
Pittston  district  about  12,  and  the  Scranton  14  feet.  At  Carbondale  it  is 
20  feet  thick ;  but  there  it  is  composed  of  several  of  the  accompanying 
veins,  brought  together  by  the  thinning  of  the  strata  in  that  direction, 

A  peculiar  and  favorable  feature  of  the  Mammoth  is  its  massive  and 
solid  benches  of  pure  coal,  which  frequently  exceed  four  feet  without  a 
streak  of  bone  or  impurity,  and  often  from  ten  to  twelve  feet  without  any 
marked  parting  of  bone  or  slate  to  denote  a  change  or  interval  in  the  pi-o- 
cess  of  formation.  We  cannot  conceive  any  possible  or  probable  process 
by  which  these  masses  of  coal  could  have  been  formed  by  arborescent  vege- 
tation. It  is  simply  impossible.  We  arc  forced,  therefore,  to  more  natural 
conclusions,  or  such  as  we  discussed  pretty  fully  in  the  opening  chapters. 

The  Mammoth  vein  now  produces  over  two-thirds  of  all  the  anthracite 
coal  mined ;  and  perhaps  we  might  increase  the  amount  without  over-esti- 
mating it.  As  long  as  the  Mammoth  bed  is  productive  at  moderate  depths, 
the  smaller  seams  will  remain  in  statu  quo.  The  difference  in  the  cost  of 
mining  coal  from  those  lat^e  white-ash  beds  or  from  the  small  red-ash 
seams  cannot  be  less  than  50  per  cent,,  and,  including  risk  from  fauhs  and 
irregularities,  perhaps  much  more.  The  Mammoth  is  the  most  regular  and 
reliable  of  all  our  veins,  the  most  economical  to  mine  and  operate,  and, 
from  its  size,  the  most  productive, 

The  "Seven-Foot  Vein"  is  a  leader  or  satellite  of  the  Mammoth.  It 
is  generally  persistent  throughout  the  Pottsville  district,  and  usually  found 
in  the  Mahanoy  region;  but  generally  in  other  sections  it  is  combined  with 
the  Mammoth,  Its  size  varies  from  4  to  10  feet,  and  its  character  is 
generally  rather  coarse  and  bony.  We  do  not  consider  it  a  regular  bed,  for 
the  reasons  before  mentioned.  Its  distance  above  the  Mammoth  varies  from 
0  to  20  feet.  The  latter  is  its  usual  position  in  the  Pottsville  and  Mahanoy 
districts. 

The  identity  of  the  anthracite  with  the  bitnminous  coal-beds  can  no 
doubt  be  made ;  but  we  do  not  think  onr  miners  and  mining  engineers  have 
begun  right,  nor  do  we  think  it  possible  to  identify  them  if  the  Pittsburg 
seam  is  taken  as  cotemporaneoua,  or  on  the  same  horizon  with  the 
Mammoth,  for  reasons  which  we  may  briefly  explain. 
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In  the  iirst  place,  the  average  distance  of  the  Mammoth  from  the  con- 
glomerate is  not  over  300  to  400  feet,  while  the  Pittsburg  seam  is  from 
700  to  800  feet.  Now,  as  it  is  remarkable  th^t  the  strata  invariably  de- 
preciate or  thin  in  a  western  direction,  it  would  be  singular  and  at  vari- 
ance with  all  our  experience  if  the  strata  between  the  Pittsburg  seam  and 
the  conglomerate  should  be  greater  at  the  Ohio  than  at  the  Schuylkill. 

Secondly,  we  find  the  Pittsburg  seam  on  the  top  of  the  barren  measures, 
while  the  Mammoth  is  at  their  base,  and  tlie  Primrose  here  occupies  the 
place  of  the  Pittsburg  there.  The  great  Mahoning  sandstone  seems 
eotemporaneous  with  the  massive  sandstone  over  the  Mammoth ;  and  the 
Holmes,  or  F,  corresponds  with  the  single  small  seam  in  the  "barren 
measures." 

Third,  we  find  in  the  detached  coal-basina  lying  between  the  anthracite 
and  bituminous  fields,  the  Mammoth  in  its  proper  position  and  character, 
as  shown  by  figure  115,  representing  the  Sullivan  county  eoal-basin,  which 
we  give  from  actual  and  personal  measurement. 

We  find  tlie  Mammoth  also  in  its  proper  place  in  the  Cumberland 
region,  with  the  usual  underljang  scams;  and  we  find,  also,  that  the  great 
bed  of  Karthause  and  Clearfield,  in  Pennsylvania,  which  is  at  the  base  of 
the  barren  measures,  corresponds  witli  the  Mammoth  in  position  and  general 
characteristics;  while  we  find  the  same  bed  on  the  Great  Kanawha  and  on 
Coal  Eiver,  in  West  Virginia,  in  the  relative  position  of  the  Mammoth,  and 
corresponding  more  generally  with  that  great  bed  than  the  Pittsburg  seam. 

We  are,  therefore,  forced  to  conclude  that  the  first  large  seam  below  the 
barren  measures,  and  on  the  same  horizon  with  the  Mammoth,  is  eotempo- 
raneous with  the  latter,  and  that  the  Primrose  bed,  which  is  on  top  of  the 
barren  measures,  and  on  the  same  horizon  with  the  Pittsburg  seam,  is 
eotemporaneous  and  identical  with  the  latter. 

Under  this  theory  it  is  possible  to  reconcile  the  anthracite  with  the 
bituminous  formations;  but  it  is  not  possible  under  the  theory  which 
takes  for  granted  that  the  Mammoth  and  the  Pittsburg  seam  are  synony- 
mous, nor  under  another  theory,  which  makes  the  Mammoth  identical  with 
B  in  the  Western  coal-fields.* 

THE   HOLMES. 

F  is  a  small  seam  overlying  the  Mammoth  about  200  feet.     It  ranges 

from  3  to  6  feet  in  thickness  in  the  anthracite  regions,  and,  if  we  are 

correct  in  our  conclusions,  from  6  to  30  inches  in  the  bituminous  coal- 

*  There  is  mnoli  difference  of  opinion  in  regard  to  the  true  horiion  of  these  respective 
beds.  Lesley  makes  the  Pittsburg  and  Cumberland  14-feet  bed  identical;  while  Lesquereus 
thinks  fha  Pittsburg  above  our  red-ash  beds.  Lesley  and  Lesquereui,  however,  are  both 
correct  in  the  main  points  of  the  identity  ;  and  farther  on  we  have  made  use  of  their  evi- 
dence to  prove  our  proposition.     The  general  impression  among  mioei 
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basins,  and  is  located  between  the  npper  and  lower  coal  series,  and 
what  ia  known  aa  the  "barren  measures"  in  the  Great 
Alleghany  coal-field.  It  is  not  much  worked,  and  is  con- 
sidered small  and  insignificant  in  comparison  with  other 
great  accompanying  beda.  The  coal  is  generally  good,  and 
the  seam  is  consistent  and  uniform. 

Strictly   speaking,   this   is   the   upper   white-aah   bed. 
But  we  may  here  remark  that  which  we  omitted  in  the 
proper  place, — that  the  lower  bench  of  the  Buck  Mountain,  or 
a  dark  red-ash,  and  A  produces  red-ash  entirely. 


produces 


THE   PRIMROSE. 

The  Primrose  is  a  large  and  productive  bed,  generally  regular  and 
reliable  in  character,  and  is  mined  with  economy.  It 
ranges  from  9  to  16  feet  in  thickness,  and  is  generally 
classed  with  the  whife-ash  beds,  though  it  is  more  properly 
a  pink-ash.  The  bottom  bench  is  a  white-ash  coal,  and 
the  upper  benches  red-ash  coal.  In  other  regions,  how- 
ever, it  produces  all  white-ash  coal,  and  is  considered  as 
among  the  white-ash  veins,  and  particularly  so  in  the 
JIahanoy  region  and  in  the  Seranton  district,  where  this 
vein  is  very  large  and  productive.  It  lies  from  300  to 
400  feet  above  the  Mammoth.  "We  consider  the  Primrose 
as  the  counterpart  of  the  Pittsburg  seam,  since  it  occupies 
a  corresponding  position  in  the  horizon  of  the  coal  measures,  and  ia  gene- 
rally identical  with  the  Pittsburg  in  character,  position,  and  associations. 

The  Primrose  is  tlie  most  consistent  bed  in  the  anthracite  coal-fields,  and 
is,  in  all  probability,  equally  consistent  in  the  bituminous  regions.  Its 
variations  are  not  so  great  as  tlie  Mammoth,  and  it  appeare  to  have  been 
formed  with  less  interruption,  since  it  is  rare  to  find  more  than  one  slate 
parting  in  it,  and  frequently  there  is  none,  the  divisions  being  merely 
partings  of  bone  or  coarse  coal;  while  the  Mammoth  is  frequently  divided 
by  massive  slates  or  sandstones  from  2  to  40  feet  ia  thickness,  and  is  often 
divided  into  four  distinct  veins, — that  is,  the  upper  or  "seven-feet  vein," 
the  upper  "Twin,"  the  lower  "Twin,"  and  the  "cross-cut," — and  these,  in 
all  probability,  form  the  chief  veins,  independent  of  the  Buck  Mountain, 
or  B,  in  the  bituminous  regions  beneath  the  barren  measures. 

All  the  lower  beds,  including  the  Mammoth,  are  subject  to  sudden 
and  excessive  expansions  and  contractions.  The  Mammoth  ia  found  at 
one  place  over  60  feet  thick,  in  regular  and  uniform  strata, — for  instance, 
at  New  Boston ;  and  at  another  it  is  found  depreciated  to  two  thin  plates 
of  less  thau  6  feet  respective  thickness,  or  12  feet,  which  is  the  minimum 
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thickness,  near  Shamokin.  Thi^e  sizes  may  bo  regarded  as  the  n 
and  maximum  changes,  and  between  them  this  great  bed  vibrates  from 
point  to  point;  but  its  most  persistent  size  is  between  tlie  extremes  of  20 
and  36  feet,  which  is  ite  best  condition. 

The  Primrose,  or  G,  is  less  changeable.  Its  size  or  diameter  is  usually 
— almost  uniformly — 10  feet,  though  it  varies  from  9  to  16  feet  when  in 
measures  not  confused  and  contracted  by  faults;  but  in  faulty  ground  tliis 
bed,  like  all  others,  is  liable  to  extreme  fluctuation. 

It  is  worthy  of  note,  and  we  may  perhaps  appropriately  state  the  fact 
here,  that  all  beds  of  coal  formed  in  extremely  deep  basins  are  smaller 
than  when  formed  in  moderately  deep  basins.  We  think  this  rule  will 
hold  good  the  world  over.  But  they  are  still  thinner  and  much  more 
unreliable  when  formed  in  extremely  shallow  basins  than  when  formed  in 
the  extremely  deep  basins;  and  this  fact  is  a  very  strong  argument  against 
the  theory  which  makes  our  coal-beds  the  productions  of  arborescent  or 
marsh  and  bog  vegetation. 

For  fear  of  misconception,  it  may  be  necessary  here  to  remark  that  many 
of  our  present  deep  beds  were  not  the  primary  formations  of  deep  basins. 
They  have  been  subsequently  depressed,  as  is  evident  from  tlie  actual 
thickness  of  the  strata  at  right  angles  and  the  absence  of  the  upper  veins, 
whicli  are  conclusive  evidences  of  their  original  depth  and  of  their  subse- 
quent changes. 

The  deep  basins  of  the  Mahanoy,  with  their  sharp  angles  and  narrow 
troughs,  were  not  formed  in  their  present  position,  but  have  since  been 
contracted  and  depressed;  and  we  may  say  the  same  thing  of  the  Lehigh 
formations  generally.  But  the  central  portions  of  the  Shamokin  and 
Pottsville  basins  must  have  been  deep  originally,  and  some  of  the  wide 
basins  of  the  Western  bituminous  coal-fields  must  also  have  been  extremely 
deep,  as  were  the  formations  of  the  Great  Northern  eoal- 
Fio.  84.  gg^^j  q£  England  and  the  Arcadian  coal-fields  of  the 

British  Provinces. 

This  subject  requires  more  elaboration  and  proof  to 
make  it  intelligible.  This,  however,  is  not  the  place  to 
discuss  it;  but  we  briefly  mention  the  fact  here,  as  we 
find  it  abundantly  illustrated  by  a  hundred  concurring 
evidences, 

THE   ORCHARD. 

K,  OR  OBCHARD.  Thc  Orcliard,  or  H,  is  a  regular  and  uniform  bed.   It 

ranges  from  4  to  8  feet  in  thiokncss,  and  lies  about  100 

feet  above  the  Primrose,  or  G.     It  is  the  first  purely  red-ash  vein;  but 

the  coal  is  frequently  coarse  and  unprepossessing  in  appearance,  though  an 

excellent  fuel  for  domestic  purposes.     AViien  a  boy,  and  engaged  in  work- 
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ing  this  coal  at  Oak  Hill,  the  author  remembers  to  have  heard  James  Silli- 
man,  Esq.,  of  Pottsville,  call  it  "  hemlock  coal,"  in  allnsion  to  its  vege- 
table origin  and  the  coarse-grained,  knotty  character  of  our  hemlock  or 
spruce  timber.  But  this  is  not  a  general  characteristic  of  H.  We  have 
seen  it  productive  of  the  most  beautiful  and  lustrous  red-ash  coal.  It 
is  always  divided  by  a  parting  of  slate,  or  soft,  "dirty  mining,"  from  3  to 
6  inches  thick.  The  bottom  bench  ranges  from  one  to  two  feet,  and  is 
generally  of  pure  coal,  though  frequently  of  thin  layers  from  two  to  three 
inches  in  thickness.  The  top  bench  ranges  from  3  to  5  feet  in  thickncHs, 
and  is  more  massive  in  character,  though  often  streaked  with  bone  and 
divided  into  layers  or  strata  of  from  6  to  12  inches  in  thickness. 


THE   LITTLE   OKCHARD. 

The  Little  Orchard  is  a  small  seam,  and  but  little 
■worked.  It  ranges  from  2  to  4  feet  in  thickness,  and 
lies  about  150  feet  above  the  Primrose,  in  the  Pottsville 
district ;  but  this  and  the  Big  Orchard,  H,  is  frequently 
found  from  200  to  250  feet  over  the  Primrose  in  other 
districts.  At  Scranton,  however,  H  is  only  92  feet  above 
G ;  but,  as  before  observed,  all  the  measures  Ihin  in  that 
direction.  We  may  here  remark  that  I  is  not  a  con- 
sistent and  uniform  seam ;  and  we  think  it  very  probable 
that  we  have  on  several  occasions,  in  other  sections,  given  I  the  credit 
which  is  due  to  J.  In  the  Scranton  district  we  think  it  probable  that  I 
either  unites  with  H  or  disappears  entirely,  and  that  J  takes  its  place. 

This  little  vein  sometimes  produces  the  most  splendid  coal  when  in  its 
maximum  condition ;  but  when  small  its  coal  is  tough,  coarse,  and  profiisely 
streaked  with  bone  and  sulphur.  Its  variations  are  sudden  and  extreme ; 
and  when  its  expansion  is  from  the  miner  it  is  very  difficult  to  mine,  from 
its  tendency  to  "jam"  in  a  wedge-like  manner. 


THE   DIAMOND,   OR   DADDOW, 

This  is  one  of  the  larger  and  persistent  red-ash  beds, 
and  is  found  uniform  in  character  throughout  the  red- 
ash  formations  or  upper  series  of  the  coal  measures.  It 
ranges  from  5  to  9  feet  in  thickness,  and  lies  from  250 
to  300  feet  above  H,  or  from  400  to  600  feet  above  the 
Primrose,  Gr,  across  the  measures,  at  right  angles  with 
their  dip. 

This  vein  is  known  locally  by  a  variety  of  names, 
as  the  "  North  Diamond,"  "  Flowery  Field,"   "  Peacock,"  &c.,  and  has 
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been  extensively  worked  at  Oak  Hill,  on  the  AVest  Norwegian,  by  the 
writer's  father,  and  others.  When  in  ita  best  condition,  it  is  praduetive 
of  the  most  excellent,  preiH)S.9es3ing,  and  lustrous  coal,  aaid  is  appro- 
priately named  the  "  Diamond,"  since  none  of  the  red-ash  coals  liave  a 
more  splendid  appearance.  But,  unfortunately,  this  vein  is  not  reliable.  It 
13  subject  to  "faults"  and  irregularities,  and  frequently  changes  suddenly 
from  the  purest  coal  to  a  dull  mixture  of  dirt,  slate,  bone,  and  coal.  These 
faults,  however,  are  not  very  extensive,  and  in  a  large  operation  the  impure 
portions  might  be  left  as  pillars  without  much  loss;  but,  under  present 
circumstances,  mining  on  a  large  scale  cannot  be  profitably  conducted  on 
the  red-ash  seams  in  competition  with  the  great  white-ash  beds,  wliich  are 
mined  with  much  more  economy.  Small  amounts  of  retl-ash  coa!  may  find 
a  market  at  reasonable  or  remunerative  prices;  but  large  quantities  would 
come  in  opposition  with  the  white-ash  markets.  The  day  lias  not  yet 
arrived  when  the  red-ash  veins  can  be  worked  with  profit;  but  it  will  eome, 
as  surely  as  the  exhaustion  of  the  Mammoth  at  moderate  "  sloping"  dis- 
tances from  the  surface.  When  deep  shafts  are  necessary  to  reach  tite 
Mammoth,  the  red-ash  seams  must  be  penetrated ;  and  they  will  then  be 
worked  to  some  advantage. 

The  Diamond  is,  we  believe,  invariably  divided  into  two  "benches," 
generally  by  a  soft  "mining,"  which  sometimes,  however,  changes  to  slate 
and  bone.  The  bottom  bench  is  hard,  lustrous,  and  pure,  and  generally 
solid,  witli  a  conchoidal  fracture.  Its  thickness  ranges  from  2  to  4  feet. 
The  dividing  portion  is  from  4  to  10  inches  in  thickness,  and  the  u{)per 
bench  or  benches  from  3  to  4  feet  in  thickness,  and  is  oft«n  shelly  and  soft, 
productive  of  much  waste.  Thongh  easily  mined,  it  is  not  always  re- 
munerative, on  account  of  the  large  amount  of  refuse,  M'hic-h  must  be 
handled,  and  which  frequently  is  more  than  can  be  stowed  away  in  the  ex- 
cavated portions  of  the  mine, 

THE  SIG    TBACy. 

F,o.  87.  Figure  87  does  not  represent  the  Big  Tracy  in  its 

best  condition,  but  we  think  it  abont  the  mean,  or  an 
ava'age  illnstration  of  its  character.  We  have  attempted 
to  project  all  the  sections  of  coal-strata  on  a  scale  of 
one-tentli  of  an  inch  to  a  foot;  and  this  scale  will 
approxunate  tlie  actual  thickness.  But  we  have  given 
tlie  figures  in  all  eases;  though  our  artist,  who  is  usually 
very  correct,  has  not  always  put  the  distinguishing 
marks  to  denote  feet  from  inches.  A  doi  after  the 
figure  should  denote  feet,  and  before  it  inclies.  With 
this  explanation  the  reader  will  be  able  to  detect  the 
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The  Eig  Tracy,  or  K,  ranges  from  8  to  12  feet  in  thickness,  and  lies  from 
200  to  250  feet  above  the  Diamond,  or  J;  but  between  them  tliere  are  two 
or  three  veins  approa<^hing  the  workable  sizes,  and  among  tlieae  is  the 
"  Clinton,"  which  ranges  from  2  to  3  feet  in  thickness. 

We  have  represented  this  bed  as  divided  or  streaked  with  several  benches 
of  bone,  and  accompanied  with  a  soft  stratum  or  mining  as  a  base ;  but  this 
condition  is  changeable,  and  the  vein  is  frec[uently  found  almost  pure,  or 
with  but  small  strings  of  bone;  when  the  bone  ia  wanting,  some  of  the 
upper  benches  are  generally  soft  and  shelly,  and  productive  of  much  waste 
in  mining  and  the  preparation  for  market. 

This  bed  is  also  liable  to  "faults;"  and  perhaps  one-fourth  of  the  entire 
area  occupied  by  its  strata  will  be  found  unproductive.  The  general  form 
offauU  or  imperfection  developed  by  the  workings  on  this  bed  is  a  tend- 
ency to  crumble  or  waste.  A  considerable  portion  of  the  seam,  under 
such  circumstances,  cannot  be  made  available.  "Dirt-faults,"  as  repre- 
sented in  figures  111  and  112,  are  frequent  in  all  the  red-ash  coal-beds; 
while  rock-faulta,  as  illustrated  in  figures  108  and  110,  are  more  frequent 
in  the  white-asli  beds. 

It  may  be  noticed,  by  an  inspection  of  the  transverse  section  across  the 
field  at  Pottsville,  and  the  several  vertical  sections  taken  in  various  parts 
of  the  anthracite  regions,  that  K  occupies  but  a  small  portion  of  this  ter- 
ritory. (See  figure  74.)  It  ia  only  found  in  the  first  four  basins  in  the 
Schuylkill  district,  and  does-  not  extend  to  Tamaqua  or  Tremont;  while  it 
is  not  found  in  any  of  the  other  fields,  except,  it  may  be,  in  some  portions 
of  the  Shamokin  region. 

THE   LITTLE   TEACT. 

The  Little  Tracy  is  a  solid  bed  of  excellent  coal.  It  is  seldom  faulty  or 
impure,  but  it  varies  considerably  in  size,  ranging  gene- 
rally between  3  and  4  feet,  but  sometimes  depreciates  to 
12  inches,  and  has  been  known  to  exceed  5  feet  in 
thickness.  This  coal,  when  the  seam  is  in  good  condi- 
tion, presents  an  admirable  appearance,  and  as  a  fuel 
for  grates  or  household  purposes  cannot  be  excelled. 

Tlie  vein  is  worked  with  much  economy  when  in  its 
average  size,  considering  its  diameter,  and  produces  but 
little  waste,  and,  except  a  single  bone  which  accompanies 
the  coal,  there  is  no  impurity;  and  tliis  bone,  owing  to  its  solidity,  is  e 
separated  from  the  coal  without  injuring  its  markebible  qualities. 

A  stratum  of  "mining"  generally  underlies  the  coal-bed  as  a  base.  It  is 
usually  soft  dirt,  and  presents  an  advantage  to  tlie  miner  for  the  purpose 
of  "undermining"  the  coal;  that  is,  the  miner  digs  out  this  soft  stratum 
from  under  the  coal,  and  thus  leaves  it  without  support  except  by  its  con- 
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neetion  with  the  seam  at  the  edges.  This  undermining  process,  therefore, 
enables  the  miner  to  break  down  the  coal  with  powder  or  wedges  with 
much  more  facility  than  it  can  be  obtained  when  solid.  It  is  thus  we  call 
these  soft  strata  "mining,"  because  in  them  the  miner  "undermines"  the 
coal  in  the  anthracite  mines  whenever  available;  they  frequently  occur 
in  the  upper  red-ash  seams,  but  seldom  in  the  white-ash.  In  the  latter 
the  "blasting"  process  with  powder  is  exclusively  made  use  of. 

Bituminous  coal-seams  seldom  contain  any  softer  stratum  than  the  coal 
itself.  Frequently,  bands  of  slate  traverse  the  coal ;  but  these  are  generally 
harder  than  the  coal,  and,  consequently,  are  not  available  as  mining.  The 
miners  usually  cut  out  the  lower  portion  of  the  seam  in  the  bituminous 
coals,  not  only  with  more  labor  than  is  required  in  digging  out  our  soft 
strata  of  raining,  but  also  with  much  waste  of  otherwise  marketable  coal. 
But  this  mining  process  is  the  most  available  one  known,  and  is  invariably 
made  use  of  in  the  English  mines,  and  in  all  bituminous  regions  where 
the  mining  of  coal  is  conducted  systematically  and  economically. 

There  is  not  much  difference  in  the  relative  sizes  of  L  and  I;  but  there 
is  considerable  difference  in  the  economy  of  working  the  two  seams,  as  I 
contains  no  "mining"  stratum,  and  the  coal  is  therefore  " blasted"  trom  the 
solid  with  powder,  without  the  great  advantage  of  being  undermined,  as 
in  L. 

The  Little  Tracy,  or  L,  is  sometimes  known  as  the  Little  Diamond, 
from  the  great  purity  and  lustre  of  its  coal.  It  is  also  known  as  the  "yard 
coal,"  from  its  size,  "Mason's,"  "Eabbit-hole,"  "Charley  Potts,"  "Ead- 
clifFc,"  "Palmer,"  &c.  Its  position  is  from  50  to  100  feet  over  the  Big 
Tracy,  K,  and  150  below  the  Gate,  or  M. 


THE  GATE. 
the  upper  reliable  seam  in  the  anthracite  regions,  and  is  perhaps 
the  most  valuable  of  the  strictly  red-ash  veins  above  the 
Primrose.  It  is  extensively  worked,  and  has  been  mined 
to  a  great  depth  at  several  distinct  and  distant  localities, — 
for  instance,  at  the  York  Parm,  by  George  H.  Potts;  at 
the  Old  Salem  colliery,  near  Port  Carbon;  at  the  Novelty 
colliery,  below  New  Philadelphia,  and  several  other  points, 
— and  has  generally  been  found  consistent,  uniform,  and 
less  troubled  with  faults  than  most  of  the  red-ash  beds  of 
an  earlier  formation, — a  singularity  that  we  can  scarcely 
account   for  except   by  the  theory  of  "gradual   depres- 

This  seam  ranges  from  4  to  16  feet  in  thickness;  but  its  usual  and  best 
condition  is  from  5  to  10  feet.     The  south  dips,  though  more  consistent  in 
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Size,  aipgeneiallj  tht,  smallest  in  diameter;  while  the  nortli  dips  are  usually 
of  gr  ^te^  dimeniions,  hut  generally  not  so  reliable  or  regular.  A  singular 
feature  of  thi*?  seam  is  the  feet  that  a  north  dip  is  seldom  found  on  the 
suifaee  or  at  its  outcrops.  This  feature,  however,  to  a  limited  extent, 
pievails  with  the  \eins  immediately  below  it,  and  to  the  same  extent  to 
the  one  abo\  a  it  This  is  readily  explained  by  referring  to  figure  74,  where 
it  miy  be  noticed  thtt  all  the  north  dips  incline  at  first  to  the  south  in  the 
first  biMO,  and  this  feiture  governs  the  upper  seams  to  a  greater  extent 
than  cui  section  lepiesente,  even  in  the  third  and  fourth  basins.  In  fact, 
neailv  ill  the  noith  dips  in  the  Pottsville  district  are  either  inverted  or 
perpendiculai .  consequently,  the  outcrops  of  nearly  all  the  seams  would 
appear  as  if  they  were  dipping  to  the  south;  and  this  feature  originally,  or 
when  this  field  was  first  developed,  was  a  great  mystery  to  geologists  and 
miners.  Those  who  knew  little  or  nothing  of  geology  supposed  that  we 
had  as  many  distinct  seams  as  we  had  outcrops,  and  that  instead  of  14 
workable  beds  we  had  140  or  more.  Whether  they  all  united  in  a  great 
mass  below,  terminated  in  needle-points,  cut  each  other  off,  or  dipped 
under  the  Sharp  Mountain  and  came  up  in  some  other  unknown  country, 
were  debatable  questions  which  were  often  argued,  but  we  believe  never 
satisfactorily  settled  or  concluded. 

We  believe  that  M  was  first  worked  at  Centreville,  under  the  name  of 
the  "Sphon,"  and  subsequently  at  Pottsville,  in  the  Gate  ridge,  under  the 
name  of  the  Gate ;  at  the  Salem  colliery,  near  Port  Carbon,  as  the  Salem ; 
at  the  Delaware  mines,  as  the  Peach  Mountain ;  and  at  the  Mill  Creek 
colliery,  as  the  Lewis.  At  each  of  these  points  this  vein  was  worked  in 
different  basins  and  on  different  dips,  and  under  different  names  as  distinct 
seams.  Even  now  many  of  our  old  and  intelligent  miners  are  slow  to 
credit  the  fact.  To  them  it  seems  inconsistent  that  the  Gate  and  Salem 
(an  be  the  same  vein,  since  they  both  appear  to  dip  in  the  same  direction 
and  are  apparently  in  the  same  basin.  It  is  difficult  to  convey  an  intelli- 
gent impression  of  the  inverted  dips  in  our  anthracite  basins  to  the  minds 
of  men  accustomed  to  the  uniform  and  gentle  undulations  of  the  English 
coal-fields;  but  we  hope  our  illustrations  will  convey  the  idea  more 
successfully  than  our  simple  descriptions. 

This  feature  of  inverted  dips  has  not  only  mystified  the  formation  in 
the  southern  or  deep  basins  below  the  red-ash  seams,  but  has  been  the 
cause  of  much  confusion  and  error  in  connection  with  the  Mammoth  in  the 
white-ash  or  northern  basins.  Thus,  the  inverted  dip  of  the  Mammoth  at 
Coalcastle,  as  illustrated  in  figure  75,  gave  rise  to  the  fabulous  Jugular 
bed  which  has  been  the  means  of  draining  the  pockets  of  many.  But  the 
Jugular  has  never  been  found;  though  some  are  still  driving  tunnels  in 
search  of  it.     They  may  be   rewarded   by  the   discovery  of  the   Buck 
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MoEnbiin,  or  B,  in  a  workable  condition ;  but,  as  the  fiimous  Jugular  is  a 
myth,  ita  believers  will  never  he  rewarded  for  tlieir  fiiith. 

The  GJate,  or  M,  has,  of  course,  less  range  than  the  Tracy,  or  K,  before 
described,  and  probably  does  not  cover  more  than  60  square  miles  of  area 
throughout  the  anthracite  regions.  Its  superficial  area,  however,  is  less 
than  its  real  area,  if  horizontally  stratified,  since  the  basins  in  which  it 
exist  are  contracted  to  less  than  half  their  original  dimensions,  until  the 
veins  are  frequently  "  on  end,"  instead  of  being  in  a  naturally  stratified 
basin.  At  the  Roads  Shaft  colliery,  near  New  Philadelphia,  M  is  found 
dipping  at  the  rate  of  80°  south,  while  in  the  Sharp  Mountain,  opposite, 
this  bed  is  perpendicular  and  frequently  inverted.  It  is  almost  impossible, 
under  such  circumstances,  to  tell  how  deep  the  basin  may  be,  or  how  wide 
it  originally  was.  But  this  contraction  does  not  take  place  in  shallow 
basins ;  for,  instead  of  being  depressed,  they  are  lifisd  by  the  contracting 
forces,  and  we  may  thence  conclude  that  all  perpendicular  dips  having 
lon^  axes  must  belong  to  deep  basins. 

The  Gate  at  the  Roads  colliery  will  average  10  feet  thick,  with  7  feet 
bottom  bench,  and  a  2  feet  top  bench,  divided  by  a  foot  or  more  of  slate. 

THE  SAKDROCK. 

Pio.  90.  This  is  the  upper  workable  seam  in  the  anthracite  mea- 

^^I^B^^E     sures;  but  it  is  generally  considered  too  small  for  attention 

^M^H     at  present,  though  we  believe  it  has  been  worked  as  the 

■*  ^H^l     South  Salem.     It  ranges  from  2  to  4  feet,  and  lies  from 

^^^^^^B     100  to  150  feet  above  the  Salem,  or  M.     N  is  worthy  of 

n^^^!ndrock      note  simply  as  the  upper  workable  seam,  but  otherwise  it 

is  insignificant,  and  scarcely  deserves  a  name  and  location 

among  the  many  magnificent  beds  which  we  have  illustrated  i  inclusive, 

however,  it  constitutes  the  fifteenth  seam. 

To  all  of  these,  except  A  and  C,  we  have  attached  the  most  popular  name, 
and  have  frequently  given  the  local  names  as  applied  in  different  districte. 
We  may  here  note  an  omission,  however,  in  ease  of  tlie  Mammotli,  which 
was  known  generally  during  the  early  development  of  the  Coalcastle  or 
Mine  Hill  basin  as  the  "Daniel,"  after  the  first  operator,  Mr.  Traneis 
Daniel,  now  of  Yatesville,  in  the  Mahanoy  valley. 

We  have  given  names  to  the  two  lower  nameless  beds  A  and  C,  as 
Alpha  and  Gamma.  These,  however,  are  unimportant  seams,  and  no  one 
■will  be  concerned  about  their  names.  The  liberty  we  have  taken  in  giving 
them  some  definite  title  is  simply  for  convenience. 

The  names  and  thickness  of  the  respective  seams  as  we  have  now  classi- 
fied them,  in  the  Pottsville  district,  wc  give  m  the  accompanying  table. 
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12 
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2 

100 

50 

16 

200 

150 

4 

2 

150 

100 

205 

60 

2175 

820 

The  average  thickneaa  of  both  senma 
i  measures  is  given  in  figure  74, 
the  PottBTille  aeetion. 


minimum  column  to  this  point 
taken  from  the  Soranton  seolJon ; 
;low  this,  from  tie  Pottsville. 
Alpha  is  the  loweat  and.  the  Sand- 
rock  is  the  highest  seam. 


Thus  the  mmimum  thickness  of  the  coal-seams  would  be  about  60  feet, 
the  average  thickness  123,  as  given  in  figure  74,  and  the  maximum  205 
feet-.  The  thickness  of  the  measures  would  stand  thus,  inclusive  of  the 
coal: — minimum,  880;  average,  1750;  maximum,  2380.  These  figures 
merely  represent  the  distances  from  the  lower  to  the  upper  coal-seam,  or 
from  A  to  N.  The  unproductive  measures  above  N  may  vary  from  300 
to  1000  feet,  according  to  location  and  situation. 


SWATARA  DISTEICT, 
In  proceeding  westward,  we  shall  brieily  notice  a  few  of  the  chief  or  dis- 
tinguishing formations,  and  shall  not  reiterate  that  which  we  have  already 
stated  concerning  the  scams  and  their  peculiarities,  since  there  is  a  general 
sameness  of  the  measures  from  Pottsville  to  Trcmont,  and  the  nijmber  of 
basins  there  is,  perhaps,  not  less  than  between  the  Mine  Hill  and  the  Sharp 


Mountain,  as  figure  91  partially  illustrates.     Three  basins  are  represenl 
looking  weet.     The  right  of  the  view  is  along  the  line  of  the  Mine  Hill 
range,  and  the  two  northern  basins  may  be  considered  as  in  it.     To  the 
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south  of  these  there  are  three  basins,  part  of  one  only  being  represented 
which  divides  this  portion  of  the  fieid  into  five  basins. 

The  first  basin,  counting  from  the  south,  or  the  Sharp  Mountain,  is  a 
continuation  of  the  Pottsville  axis;  and  it  is  probable  that  the  remaining 
basins  are  parallel  axes,  starting  out  from  the  same  point,  though  subject 
to  many  changes  and  modifications  between  the  points,  such  as  the  "shifts 
ing"  of  the  anticlinals  from  right  to  left,  and  vice  versd,  and  the  elevation 
and  depression  of  the  synclinals,  as  explamed  in  the  case  of  the  first  Basin, 
south  of  the  Mine  Hill.  Beyond  this  point  the  axes  divide,  the  north 
anticlinals  turning  northwest,  the  south  axes  pursuing  their  course  with- 
out much  change.  This  deflection  soon  accomplishes  a  division  of  the 
field,  and  forma  the  north  and  south  forks,  formerly  described. 

The  first  basin  south  of  the  Mine  Hill,  which  we  partially  represent  in 
figure  91,  continues  into  and  throughout  the  Lykens  Valley,  or  North 
Fork;  and  the  same  may  be  said  of  the  second  or  middle  basin.  But  at 
or  near  this  point  a  new  basin  commences,  which  widens  and  nndulatea  in 
minor  rolls  westward,  until  it  terminates  in  a  short  point  between  the  forks. 
The  south  basin,  as  already  observed,  forms  the  South  or  Dauphin  Fork, 
which  is  a  single  basin;  while  the  north  is  a  double  basin,  as  intimated  by 
a  continuation  of  the  two  basins  before  mentioned.  A  third  basin  is,  how- 
ever, developed  at  Bear  Gap;  but  where  this  commences  we  have  been 
unable  to  ascertain. 

The  two  small  north  basins,  containing  the  "seven-foot"  as  the  upper 
seam,  terminate  a  short  distance  west  of  Swafara  Falls,  The  veins  are 
here  found  in  their  places  uniformly,  as  shown  by  the  letters ;  but  we  are 
not  informed  whether  all  the  lower  beds  have  been  developed.  Col. 
D.  Percy  Brown,  who  furnished  the  data  for  this  section,  had  not  made 
any  developments  below  the  Skidmore.  We  are  informed,  however,  that  B 
exists  a  short  distance  to  the  east,  at  tlie  Forestville  mines,  and  there- 
fore assume  that  it  must  exist  here.  A  clear  statement  is  given  of  the  seams 
from  D  to  J. 

The  Skidmore  is  here  6  feet  thick,  and  lies  about  50  feet  below  the 
Mammoth.  The  Mammoth  iiself  is  divided  by  45  feet  of  slate  and  sand- 
stone,— the  lower  bed  being  6  feet  thick,  and  the  upper  bed  16  feet;  while 
its  satellite,  the  "seven-foot,"  is  40  feet  above  the  upper  bed,  and  is  about 
seven  feet  in  thidtness.  The  Holmes  and  Primrose,  or  F  and  G,  are  in 
their  proper  positions;  the  Primrose  being  145  yards  in  horizontal  distance 
across  the  measures — which  dip  at  45° — from  the  lower  bed  of  E,  or  tlie 
Mammoth. 

The  Orchards  H  and  L,  and  the  Diamond  J,  are  found  "  in  place" 
above  G;  but  these  appear  to  be  the  highest  seams  in  this  basin.  The  two 
southern  basins  probably  contain  the  Tracys,  or  K  and  L,  at  this  point,  as 
the  highest  beds  of  workable  coal. 
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A  gradual  tliinniiig  process  appears  to  take  place  in  the  seams  soutli  of 
Pottsvillc,  -while  the  Mammoth  permanently  divides,  and  forras  three  distinct 
seams.  At  Tamaqua,  and  east  of  that  point,  the  seven-feet  seam  does  not 
make  its  appearance;  but  a  short  distance  west  a  thin  seam  starts  off  from 
the  Mammoth  and  forms  an  independent  bed,  which  never  again  unites 
with  the  Mammoth.  At  Mount  Laffee  another  split  of  the  Mammoth  takes 
place,  which  widens  in  its  westward  course  until,  at  Swatara,  as  we  liave 
just  mentioned,  they  are  45  feet  apart.  Thus  this  great  bed  forms  three 
separate  and  distinct  seams  as  it  goes  west ;  and  these  undoubtedly  continue 
through  the  Western  bituminous  coal-fields.  We  have  reason  to  believe 
that  both  C  and  D  depreciate  west-\vard,  as  all  our  sections  indicate,  and 
that  they  are  small  and  insignificant  seams  at  Broad  Top,  and  perhaps 
obsolete  in  some  of  the  "Western  fields;  and  we  have,  likewise,  evidence 
that  B  divides  in  the  same  manner  as  E,  and  forms  two  distinct  seams  iu 
its  westward  course, — which,  we  think,  can  be  distinctly  recognized  in  many 
parts  of  the  bituminous  regions.  It  is  a  very  significant  fact  that  all  the 
lower  seams  in  the  Alleghany  coal-fields  exist  in  pairs,  or  double  beds, — 
which  sustains  our  theory  that  the  Mammoth  and  all  the  white-ash  coals, 
strictly  speaking,  of  the  anthracite  regions  lie  below  the  Mahanoy  sand- 
stone, and  the  barren  measures  of  the  Western  coal-fields.  The  Twin 
seams  of  Kentucky  are  on  the  same  horizon  with  E  here,  which  is  always, 
or  with  rare  exceptions,  a  twin  seam. 

The  same  comparison  or  analogy  holds  good  in  the  Middle  anthracite 
region,  taking  the  Lehigh  basins  as  the  eastern  starting-point,  where  the 
Mammoth  is  a  single  bed  of  from  25  to  35  feet  in  thickness;  but  in  the 
Mahanoy  region  it  throws  off  the  "seven-feet," — at  first  small,  but  increasing 
westward  to  a  maximum  of  10  feet.  Westward  of  the  Locust  dividing 
ridge  the  Mammoth  again  divides  and  forms  the  "Twin  veins,"  at  first 
with  only  a  few  feet  of  dividing  slate;  but  before  it  reaches  the  western 
termination  of  the  Shamokin  region,  at  Trevorton,  those  seams  are  divided 
•  by  a  hundred  feet  or  more  of  measures,  and  are  considered  as  distinct 
seams. 

In  the  Wyoming  region  we  do  not  recognize  the  Mammoth  at  the 
western  extremity  of  the  region.  It  does  not  exist.  But  there,  as  here,  the 
seams  divide,  in  the  vieinity  of  Kanticoke,  and  form  separate  beds  from 
that  point  westward. 

In  the  Broad  Top  region,  which  lies  almost  in  a  direct  west  course  from 
the  Wyoming  field,*we  cannot  recognize  the.  Mammoth,  or  reconcile  the 
seams  to  our  central  formations  in  the  anthracite  regions ;  but  there  is  no 
difficulty  if  we  take  our  western  divisions  as  a  guide,  and  seek  only  for  the 
larger  seams,  since  the  smaller  ones  depreciate  to  mere  leaders  or  streaks, 
and  eventually  disappear  entirely.  But  in  the  Broad  Top  field  we  find  the 
representation  of  every  seam  which  we  find  here,  with  the  exception  of  the 
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"  seven-ieet,"  which,  however,  entirely  disappears  before  reaching  the 
western  end  of  the  anthracite  fields  in  the  Middle  coal-field,  and  does  not 
lippcar  in  the  Northern,  or  Wyoming,  field. 


Section  of  Broad  Top  Measure. 


,'^Iahanoy  sandstone,  &e 150 

Coal,  E,  Mammoth  or  Freeport 5 

Hiates,  &c 50 

Coal,  E,  Mammoth  or  Freeport 7 

Slates,  &c 30 

Iron  ore 1 

Coa],D 1 

Klates,  So 50 

Coal,  C 1 

Slates,  &c 10 


Coal,  B,  Buck  Mountain 

Slates,  sandstones,  &c 

Coal,  Leader 

Slaf«s,&c 

Coal,  B,  Bnck  Mountain  or  Lower 

Bed 

Sandstones,  slates,  &c 


Slates,  &c 30 

Conglomerate lOU 


NORTH,  OR  LYKENS  VALLEY,  FORK. 

Passing  west  of  Tremont  and  entering  the  basin  of  the  North  Fork,  or 
Bear  Valley,  we  soon  lose  all  traces  of  the  upper  or  red-ash  seams;  and 
the  lower,  or  white-ash,  also  terminate  with  the  measures  iu  which  they 
exist,  as  they  successively  rise  to  the  surface.  As  we  have  stated,  all  our 
coal-fields  exist  as  long,  narrow  troughs,  with  their  extremities  rising,  like 
the  ends  of  a  canoe,  to  a  point  at  the  surface,  as  plainly  illustrated  in 
figure  22,  representing  the  easl^and-west  undulations  of  tlie  Wyoming 
basins.  While  the  central  portions  of  the  field  contain  15  seams,  the  ex- 
tremities contain  but  one;  and  while  the  lowest  bed  at  Pottsville  may  bo 
3000  feet  deep,  the  lowest  on  the  end  of  Short  Mountain,  west  of  Wicon- 
isco,  may  not  be  over  20  to  30  feet. 

The  Gate  vein,  M,  may  be  near  the  suriiiee  east  of  New  Philadelpliia 


and  west  of  Swatara,  but  it  ends  near  those  points  and  traverses  less  than 
*  This  Beam  is  more  frequently  found  iu  the  conglomerate  tliiiii  above  it. 
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half  the  length  of  the  field;  and  between  these  points  and  the  extremities 
all  the  underlying  seams  come  to  day,  or  outcrop.  This  may  be  illustrated 
more  clearly  by  the  small  diagram,  figure  92.  The  practical — those 
familiar  with  our  coal  formations — will  not  require  the  aid  of  tliis  figure 
to  comprehend  our  description;  but  there  are  many  who  will  require  the  aid 
of  this  plan,  which  shows  very  plainly  why  there  tire  more  coal-seams  in 
the  centre  than  at  the  extremities  of  the  basins. 

This  illustration  does  not  merely  represent  the  outcrops  of  the  seams 
in  the  north  or  Lykcns  Valley  arm  of  the  Southern  coal-field,  but  is  a 
genera]  plan  of  the  terminations  and  outcrops  of  the  coal-seams  in  each 
basin.  We  have  not  given  the  parallel  basins  in  each  field  as  they  exist 
side  by  side.  It  would  be  a  mere  repetition,  and  would  tend  to  confiise 
rather  than  to  instruct.  We  should  be  glad  to  see  a  correct  representa- 
tion of  the  position  and  outcrops  of  the  respective  basins  in  the  First,  or 
Southern,  coal-field,  for  we  confess  ourselves  unable  to  construct  one. 
In  fitct,  we  know  it  to  be  impossible  under  present  developmenta.  An 
ideal  plan  might  be  constructed,  representing  the  general  features  and 
groups  of  the  Southern  basins;  but  it  would  only  be  understood  by  those 
practically  familiar  with  the  peculiarities  of  the  anthracite  formations. 
We  may,  however,  convey  a  feint  impression  by  comparing  the  basins  in 
the  First,  or  Southern,  anthracite  field  to  a  fleet  of  Indian  canoes  laid  side 
by  side  in  a  narrow  stream.  But  some  of  these  canoes  should  be  very  long 
and  narrow,  and  others  very  short  and  comparatively  wide;  and,  to  complete 
the  comparison,  while  they  should  lie  seven  or  eight  abreast  in  the  centre, 
two  should  lie  at  the  west  end  of  the  fleet,  wide  asunder,  and  only  one  at 
the  east  end. 

The  proportions  in  figure  92  are  not  correctly  drawn,  but  it  would  be 
impossible  to  represent  the  formation  on  a  natural  or  uniform  scale.  While 
the  basin  thus  represented  is  not  less  than  70  miles  long,  it  is  only  from  a 
half-mile  to  a  mile  in  breadth, — taking  the  first  basin  of  the  first  coal- 
field for  instance, — and  only  3000  feet  deep,  assuming  their  centres  to  be 
fi-om  0  to  0  in  the  vicinity  of  Potts vi lie. 

We  have  thus,  perhaps,  digressed  from  the  subject  under  discussion,  but 
have,  we  hope,  conveyed  a  good  idea  of  the  general  character  of  those 
terminating  basins;  and  we  shall  not  be  required  to  state  further  why  there 
are  only  two  or  three  workable  seams  at  Wiconisco  and  fifteen  at  Potts- 
ville. 

The  Bear  Valley  seems  to  be  a  double  basin,  but  in  reality  the  measures 
contain  three  basins;  they  are  not,  however,  all  in  Bear  Valley.  In  feet, 
in  Bear  Gap,  at  Wiconisco,  only  one  basin  is  shown  in  the  valley;  while 
the  other  two  basins  are,  in  a  manner,  under  the  mountains,— the  south 
basin  being  under  the  southern  base  of  Big  Lick  Mountain,  and  the 
northern  basin  being  at  or  near  the  north  base  of  Short  Mountain. 
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We  are  aware  the  miners  of  Wiconisco  think  differently,  and  are  under 
the  impression  that  their  coal-seams  are  below  the  conglomerate,  forming  a 
single  basin  from  north  to  south  under  the  valley  and  under  both  moun- 
tains. But,  if  such  is  the  case,  all  we  have  written  is  wrong,  all  our  geology 
is  at  fe,ult,  and  science  has  blundered  seriously  in  the  anthracite  regions. 

Any  one  familiar  with  our  inverted  dips  and  the  peculiarities  of  the 
Shenandoah  City,  Coalcastle,  Sharp  Mountain,  and  otlier  local  irregulari- 
ties, will  comprehend  at  a  glance  the  Wiconisco  formation.  There  ia  no 
place,  however,  in  the  anthracite  coal-regions  so  perplexing  as  this  to  the 
mere  local  observer :  the  more  he  investigates,  the  more  will  he  be  perplexed 
and  mystified. 

We  have  attempted  to  give  an  illustration  in  figure  93 ;  but  it  is  very 
difficult  to  convey  a  good  impression  of  this  singular ly~contorted  strata  by 
word  or  design.  If  we  are  correct, — and  we  think  there  can  be  no  doubt 
of  it,  for  no  other  explanation  is  available, — the  strata  here  are  more 
inverted  than  at  any  other  locality  in  the  anthracite  regions,  and  much  like 
some  of  the  inverted  dips  of  the  Blue  Hidge  formations  in  Virginia,  or  the 
gneissic  strata  at  many  points  along  tlie  Atlantic  slopes. 


Me  ilo  not  pretend  to  give  an  exact  delmeition  in  figure  93  n>i  is  it 
drawn  to  a  lOiiect  ind  uniform  scale,  but  we  believt  it  to  bt  generally  a 
fair  section  leioss  the  coil  foimation«  of  the  North  Fork  at  BeT,r  Gip 

We  would,  however,  call  attention  to  one  erior,  which  has  escaped  our 
notice  until  too  late  to  lemedj  it  The  red  hale  ought  to  be  represented 
betwncn  the  eonglomerate&  of  the  north  and  middle  basins,  where  the 
thicl  nebs  of  this  lock  ih,  in  consequeme  of  this  omission,  much  greater  in 
appearance  than  it  really  is.  We  may  also  stat«  that  the  lines  drawn  near 
the  mouth  of  the  tunnel,  south  of  the  middle  basin,  should  represent  con- 
glomerate. With  this  explanation,  the  formation  justifies,  and  the  whole 
will  appear  plain. 

This  arm  of  the  coal-field  appears  to  have  been  originally  a  wide  and 
rather  shallow  formation,  containing  three  distinct  basins:  the  middle  one 
being  smaller  and  much  shallower  than  the  outside  basins.  The  process 
of  contraction,  while  it  forced  those  basins  closer  together  and  elevated 
their  edges,  did  not  depress  their  centres,  but,  on  the  contrary,  elevated  the 
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whole  mass,  and,  of  course,  affected  the  middle  basin  less  than  the  deeper 
and  longer  outside  basins. 

The  mines  at  Wiconisco  are  not  deep ;  though  we  believe  one  slope  is  600 
feet  long.  Our  notes  say  300  feet;  but  our  impression  is  that  one  of  the 
slopes  is  of  the  above  length,  on  an  angle  of  about  25°,  How  far  it  may 
be  to  the  bottom  of  this,  the  south  or  left-hand  basin,  we  cannot  say,  but 
presume  it  cannot  be  less  than  1500  feet.  The  miners  and  engineers  of  this 
place  believe  it  to  extend  under  the  entire  section,  as  shown  by  the  dotted 
line.  There  are  three  ^eams  in  those  basins,  but  only  two  are  considered 
workable:  their  dimensions  are  respectively  5  and  11  feet.  The  coal  is 
red-ash, — which  proves  them  to  be  the  lower  beds ;  and  we  doubt  not  both 
belong  to  B,  or  the  Buck  Mountain  bed,  in  its  divided  condition.  This 
seam  is  always  a  red-ash  in  the  anthracite  regions,  and,  we  understand, 
sometimes  also  in  the  bituminous  fields;  while  the  seams  above  B  and 
below  G  are  white-ash,  and  all  above  G,  and  sometimes  inclusive  of  G,  are 
red-ash,— or  there  are  10  red-ash  seams  and  only  5  white-ash  beds;  but, 
nevertheless,  there  is  perhaps  more  white-ash  than  red-ash  coal,  on  account 
of  the  greater  thickness  of  the  Mammoth  and  the  greater  extent  of  the 
■white-ash  than  the  red-ash  area,  as  may  be  noticed  in  figure  92,  excepting 
the  lower  red-ash  seams  B  and  A,  which  occupy  still  larger  areas. 

THE  SOUTH,  OR  DAUPHIN,  FORE. 
This  fork,  or  arm,  of  the  Soutliem  coal-field  is  a  long,  deep,  narrow, 
and  single  basin,  being  a  continuation  of  the  First,  or  Pottsville,  basin, 
parallel  with  the  Sharp  Mountain,  which  forms  its  southern  margin.  The 
peculiarities  of  this  basin,  as  we  noticed  them  in  the  Pottsville  district  and 
as  illustrated  in  figure  74,  pursue  it  to  the  end 


Figure  94  is  from  R.  C.  Taylor's  Statistics  of  Coal,  and  represents  a 
section  from  the  Sharp  Mountain  on  the  left,  to  the  foui-th,  or  Ked  Moun- 
tain on  the  right.  Mr.  Taylor  was  quite  familiar  with  this  portion  of  the 
coal-field.  He  spent  much  time,  under  the  Dauphin  &  Susquehanna 
Coal  Company,  in  its  investigation.  We  differ  very  much  from  Taylor  in 
our  sections  generally,  simply  because  we  have  availed  ourselves  of  late 
developments.  He  wrote  at  an  early  day,  without  the  light  we  now  have, 
and  we  can  only  express  our  surprise  and  admiration  at  bis  general  cor- 
rectness.    In  the  present  instance  there  is  little  to  add,  with  the  exception 
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of  late  develop  men  ta  in  tunnelling  a«ros9  the  basin,  in  which  the  company 
have  discovered  several  seams  not  laid  down  in  section  94. 

We  find  here  no  deviation  from  the  general  order  of  the  seams,  except 
that  the  lower  beds  are  split:  the  Buck  Mountain,  or  B,  forms  two,  and 
the  Mammoth  forms  two,  or  perhaps  three.  But,  as  before  mentioned, 
there  are  more  seams  developed  since  the  late  Mr.  Taylor  formed  the  fore- 
going seetion,  and  twelve  seama  are  now  proved,  which  will  include  the 
measures  from  A  to  G  or  H.  But  in  all  probability  G  is  the  highest 
workable  seam,  and  ia  cut  in  the  Yellow  Spring;  tunnel  at  its  lowest  or 
synclinal  axis,  where  the  seam  staiids  like  a  V,  and  is  cut  thi-ough  its  base, 
which  is  40  feet  thick.  We  must,  therefore,  conclude  that,  if  the  measures 
hold  their  average  thickness,  the  depth  of  the  basin  is  between  700  and 
800  feet  below  the  level  of  this  tunnel. 

We  liave  before  noticed  the  change  from  anthracite  to  bituminous  coal 
in  those  fields;  but  no  definite  point  has  been  fixed  where  the  change  com- 
mences. It  has  been  often  said  that  the  anthracite  coals  depreciate  in 
hardness  from  the  Lehigh  westward;  but,  though  we  have  paid  more 
attention  to  this  matter  than  any  one  else,  it  has  not  appeared  perceptible 
to  us.  We  find  the  white-ash  coals  of  the  Pottsville  district  as  hard, 
dense,  and  firm  as  those  of  the  Lehigh,  and  there  is  little  perceptible 
change  this  side  of  Swatara.  We  do  not  find  the  tendency  to  change  fully 
developed  until  we  reach  the  forks  of  the  basin,  and  in  these  it  is  marked 
and  rapid,  and  the  western  half  of  the  Dauphin  Fork  ia  a  full  semi-bitu- 
minous; while  the  Short  Mountain  coals  may  be  t«rmed  a  semi-anthracite, 
or  a  grade  between. 

There  is  no  comparison  to  be  made  between  the  eastern  coals  and  the 
red-ash  of  the  central  portions  of  the  field,  because  these  seama  do  not 
exist  at  either  its  eastern  or  western  end,  and  all  the  red-ash  coals  that 
may  be  found  at  these  extremities  belong  to  the  lower  red-ash  beds, — 
generally  A  and  B. 

The  red-ash  seams  produce  much  soft  and  crumbling  coal,  and  the  con- 
sequence has  been  that  all  the  coals  of  the  central  portions  of  the  field  have 
been  pronounced  depreciated  in  hardness;  while,  on  the  contrary,  the 
white-ash  coals  of  the  Mammoth  are  as  hard,  dense,  and  solid  at  the  base 
of  the  Mine  Hill  as  the  Locust  Mountain. 

As  a  matter  of  interest,  we  may  speculate  on  the  probable  breadth 
originally  of  the  Southern  coal-field,  or  how  much  it  haa  been  contracted. 
If  we  calculate  the  depth  of  the  basins,  their  present  angles,  and  probable 
ancient  undulations,  we  will  find  in  nearly  all  caaes  a  contraction  of  nearly, 
if  not  fully,  one-half:  therefore,  where  the  Southern  coal-field  ia  now  5 
miles  wide,  it  was,  in  all  probability,  originally  10  miles  wide.  But  thia 
rule  will  not  hold  good  in  any  but  the  First  coal-field  generally,  and  the 
Mahanoy  portion  of  tlie  Middle  coal-field. 
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CHAPTER   XIIL 

BROAB  MOUNTAIN   BASINS,  ETC.  ETC. 

Character  of  the  Eroad  Mountain  Basin— Minor  Kolls— Transyerse  Section  of  the  BaBJn— 
Vertical  Section— Mammoth  Bed  —Formation  of  Coal— Depth  of  Coal-Basins— Statements 
or  Propositions  in  regard  to  the  Formation  of  Coal — Slridmore — Gamma — Buoli  Moun- 
tain— The  Lower  Coal-Beda — Identity  of  the  Coal-Seams — Vertical  Seotions  compared— 
Tracing  the  Coal-Beds  to  the  Bituminous  Fields — Sullivan  County  Formations^Froduc- 
tion  of  the  First  Coal-Field. 

We  have  now  briefly  described  and  illustrated  the  prominent  anthracite 
coal-fields  and  their  principal  basins;  and  though  we  have  not  attempted  to 
trace  their  axes,  since  we  believe  it  to  be  impracticable,  we  have  given  a 
concise  and  practical  illustration  of  each  important  division  and  district  as 
faithfiilly  and  correctly  as  present  developments  will  admit  of;  and  we 
hope  onr  readers  will  find  instrnction  and  pleasure  in  the  details. 

We  have  not  wiitten  merely  for  one  class  of  readers,  and  have,  therefore, 
avoided  scientific  and  technical  phrases  where  plain,  common  words  would 
beat  express  the  meaning,  so  as  to  be  understood  by  the  general  reader. 
We  know  it  to  be  a  difficult  matter  to  explain  to  the  unprofessional,  and 
those  not  familiar  with  geologj',  the  intricate  and  irregular  formations  of 
the  anthracite  coal  measures,  which  are  so  much  distorted  and  changed 
from  their  normal  conditions,  or  the  original  positions  in  which  geology 
teaches  us  they  must  have  been  formed.  But  when  such  descriptions  and 
explanations  are  clothed  in  professional  terms,  and  when  technical  and 
scientific  names  are  given  to  local  phenomena,  or  arbitrary  specialties  and 
nomenclatures  are  made  use  of,  such  acconnts  become  unintelligible  to  the 
ordinary  reader,  and  are  only  comprehensible  to  the  professional  man  or 
the  student, 

The  little  coal-basin  which  we  have  now  before  us  for  examination  is 
the  most  simple  and  plain  and  yet  the  most  perfect  of  all  the  anthracite 
formations,  and  will  justify  a  more  than  ordinary  description.  It  illus- 
trates, wo  think,  the  phenomena  of  the  anthracite  coal  formationa  more 
fully  than  any  other  basin,  and  exists  as  nearly  in  its  normal  or  original 
condition  as  any  cotemporary  basin  of  the  anthracite  group. 

It  does  not  properly  belong  to  any  of  the  grand  divisions  of  the  anthra- 
cite fields,  but  is  a  distinct  and  separate  basin,  though  it  connects,  in  a 
manner,  the  First  with  the  Middle  coal-field  by  the  high,  undulating  plateau 
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of  conglomerate,  known  as  the  Broad  Mountain,  which  rises  from  beneath 
the  Mine  Hill  basin,  forms  the  Twin  crests  of  the  Broad  Mountain,  with 
the  Broad  Mountain  basin  between  them,  and  then  descends  into  the 
Mahanoy  Valley  beneath  the  coal  measures  of  the  Middle  coal-field. 

Owing  to  the  nearly  horizontal  strata  of  the  Broad  Mountain,  and 
perhaps  its  original  elevation  above  the  Schuylkill  and  Mahanoy  Valleys, 
this  portion  of  the  anthracite  formations  has  been  raised  by  the  forces  which 
contracted  and  depressed  the  flanking  or  parallel  valleys :  consequently,  its 
strata  have  not  been  crushed  and  distorted,  aa  the  measures  of  those  low, 
weak,  and  yielding  basins  were.  We  find,  therefore,  much  the  same  result 
in  physical  appearance  and  geological  structure  as  in  the  detadied  Lehigh 
basins,  which  were  evidently  formations  of  a  similar  nature. 

The  tendency,  however,  to  form  the  vertical  by  contraction  from  the 
south  (though  the  forces  might  be  exerted  equally  from  the  north)  in  the 
north-dipping  strata  is  still  evident,  both  on  the  Broad  Mountain  and 
the  Lehigh  plateaus. 

There  are  a  few  rare  eases  where  the  effects  of  contraction  are  more 
evident  in  the  south  dips  than  the  north;  or  on  the  north  instead  of  the 
south  sides  of  peculiar  basins. 

Oue  of  these  is  at  Coalcastle,  in  tlie  case  of  the  famous  "Jugular"  basin 
or  "overthrow,"  and  another  may  he  found  in  the  Head  Mountain  basin, 
on  the  eastern  terminus  of  the  Middle  coal-field,  east  of  the  Catawissa 
Railroad,  where  the  south  dip  is  nearly  vertical,  and  the  coal  thick, 
crushed,  and  evidently  disturbed.  We  do  not  remember  another  instance 
of  this  character ;  though  it  is  quite  possible  that  such  exist.  It  is,  how- 
ever, a  general  rule  throughout  the  anthracite  regions  for  the  north  dips  to 
assume  a  steeper  angle  than  the  south-dipping  strata;  and,  as  stated  above, 
nearly  all  the  perpendicular  and  inverted  strata  are  on  the  south  side  of  the 
basins. 

We  may  mention  here  a  style  of  basin,  roll,  or  undulation  that  lias 
merely  been  alluded  to  as  existing  within  the  principal  or  prominent 
basins,  but  which  we  have  not  discussed.  As  a  critical  mention  may  throw 
some  light  on  subjects  which  we  propose  to  illustrate  in  connection  with 
the  New  Boston  or  Broad  Mountain  basin,  we  may  here  appropriately 
notice  them. 

These  minor  rolls  or  basins  which  we  allude  to  generally  occur  on  the 
long,  gentle  planes  of  the  south-dipping  strata,  in  which  they  are  small 
undulations.  They  occur  more  frequently  towards  the  outcrops  of  the 
coal-seams  than  towards  the  centres  of  their  main  basins;  but  tlicy  are 
occasionally  found  in  the  centre  of  deep  basins  and  the  steep  sides  of  com- 
paratively high  angles  of  dip;  but  in  all  such  cases  the  peculiarity  which 
we  propose  to  make  a  specialty  almost  entirely  disappears :  we  allude  to 
the  enlargement  of  the  coal-seams  in  all  these  minor  rolls  when  they  occur 
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in  gently  dipping  strata, — say  at  35°  and  below,  but  more  particularly  about 
15°.  Figure  95  will  illustrate  more  clearly  the  form  and  eliaracter  of 
these  minor  rolls. 

In  figure  95  we  have  given  six  illustrations  of  the  same  seam — for 
instance,  the  Primrose — on  dips  ranging  from  5°  to  50°,  which  represent 


generally  the  form  and  character  of  those  small  interior  or  subordinate 
basins  or  undulations  of  the  strata  on  the  south  dips,  and  their  consequent 
effects  on  the  coal-seams.  We  have  chosen  the  Primrose  because  it  is  a 
single  and  regular  seam,  and  not  subject  to  the  frequent  and  extraordinary 
enlai^menta  of  the  Mammoth,  yet  subject,  as  we  represent,  to  frequent 
changes  and  enlai^ments,  such  as  affect,  more  or  less,  all  the  seams  in  the 
anthracite  measures. 

Those  undulations  frequently  have  an  influence  on  the  overlying  and 
underlying  seams,  where  the  waves  or  rolls  are  of  sufficiently  great  extent ; 
but  small  depressions  do  not  so  much  affect  the  overlying  strata.  Sedi- 
mentary deposits  naturally  fill  the  depressions  fester  than  the  elevations, 
and  the  normal  condition  of  all  sedimentary  strata  is  an  increased  thickness 
in  the  synclinal  and  a  decreased  thickness  in  the  anticlinal  axes  when 
subject  to  like  influences:  consequently,  the  small  depressions  become  fillc<I 
to  the  general  horizon  of  the  surrounding  deposits. 

The  upper  section  at  5°  dip  in  figure  95  represents  some  of  the  undu- 
lations of  the  Primrose  above  water-level  in  Brown's  old  Oak  Hill 
colliery,  where  this  seam  makes  several  extensive  and  wave-like  rolls,  in- 
creasing and  decreasing  the  dimensions  of  the  coal  from  8  to  20  feet. 
These  extensive  waves  afiect  the  Orchard,  which  lies  about  one  hundred 
feet  above,  but  to  a  less  degree. 

The  second  section  illustrates  nearly  the  undulations  or  rolJs  in  thi! 
Mammoth  and  Primrose,  on  the  Mammoth  Vein  Consolidated  Coal 
Company's  lands,  between  St.  Clair  and  "Wadesvilie,  as  found  in  the 
Hickory  colliery,  formeriv  operated  by  the  Messrs.  Milnes. 
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The  third  section  represents  a  rare  form  of  undulation,  and  one  tliat 
happens  more  frequently  near  the  outcrops  of  coal-aeams  tiian  on  tiieir 
regular  dips.  It  is  found  on  the  outcrops  of  the  Orchard,  on  the  Oak  Hill 
tract,  and  at  several  other  points  on  different  seams,  and  is  illustrated  on 
a  lai^e  scale  by  the  undulation  of  the  Mammoth  at  Wolf  Creek,  or  the 
eastern  point  of  the  Jugular  basin. 

The  fourth  section,  on  30°  of  dip,  is  similar  to  a  roll  or  enlargement  of 
the  Primrose  at  the  Warrenton  colliery  of  Messrs.  Miller  &  Maize  at 
Silver  Creek,  where  this  seam  appears  to  obtain  its  maximum  size  in  40 
feet  of  thickness. 

The  fifth  and  sixth  forms  of  undulation  are  sometimes  met  with  in  al! 
the  anthracite  seams,  and  offer  serious  obstacles  in  the  way  of  sinking 
"  slopes."  They  are  of  very  frequent  occurrence  in  all  the  eastern  Vii^inia 
coal-fields,  as  we  shall  notice  in  our  description  of  those  formations. 

We  find  in  all  the  foregoing  minor  basins  an  enlargement  of  the  coal- 
seams  ;  but  in  all  deq}  basins  rather  a  decrease  than  an  increase  of  tlie  coal. 
Yet  the  enlargement  is  not  confined  to  the  temporary  basins  on  the  angle 
of  dip,  or  towards  the  outcrop  of  gently  undulating  seams :  all  our 
moderately  deep  or  medium  basins  present  the  same  feature,  as  in  the 
New  Boston  or  Broad  Mountain  basin,  and  in  all  the  medium  Lehigh 
basins.  We  therefore  accept  it  as  a  fact  that  the  coal-deposits  are  more 
uniform,  and  are  in  their  maximum  dimensions,  when  formed  in  basins  of 
medium  depth.  We  take  the  Broad  Mountain  basin  as  the  medium, 
and  will  illustrate  its   form,  dimensions,  and  character,  before  offei-ing 


it  farther  in  evidence  of  a  theory  advanced  in  the  early  chapters  of  this 
work  on  the  formation  of  coal. 

This  is  a  small  but  uniform  basin,  containing  the  white-ash  beds  in  their 
maximum  dimensions  and  in  their  most  perfect  condition.     Its  extreme 
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length  is  about  six  miles,  and  ite  maximum  breadth  2000  feet.  It  h  301) 
foet  deep  to  the  base  of  the  JVIammoth,  730  to  the  Buck  Mountain,  or  U, 
and  860  to  the  lowest  seam,  and  contains  six  workable  coal-beds,  with  an 
aggregate  thickness  of  107  feet  of  coal. 

The  "Seven-feet"  seam  is  the  upper  bed  in  this  basin,  and  lies  about  20 
feet  above  the  Mammoth,  which  ranges  from  60  to  80  feet  in  thickness. 
Seventy-live  feet  below  E  we  find  D,  or  the  Skidmore,  which  is  9  feet 
thick ;  and  62  feet  below  D  we  find  C,  which  is  6  feet  thick.  Below  these 
200  feet  is  the  Buck  Mountain,  or  E,  18  feet  thick,  and  in  fine  condition. 
The  lower  workable  seam  is  A,  100  feet  below  B.  A  is  here  from  6  to  8 
feet  thick ;  a  small  seam  exists  below  it,  in  the  conglomerate,  but  is  not 
considered  a  regular  or  permanent  bed. 

The  south  dips  of  this  basin  range  from  30°  to  35°,  and  the  north  dips 
about  70°,  It  would  thus  appear  that  even  this  basin  has  been  changed 
from  its  norma!  condition ;  because  we  cannot  conceive  how  sedimentary 
strata  could  form  at  an  angle  so  steep  as  70°.  It  seems  to  be  an  impossi- 
bility. However  the  coal  may  have  been  formed,  the  overlying  strata 
must  have  been  deposited  as  sediment  in  water.  This  sediment  would 
not  be  deposited  uniformly  in  basins  having  high  angles  of  dip,  but  woulil 
accumulate  much  more  rapidly  in  the  bottom  of  the  basin  than  ou  its  steep 
sides,  particularly  if  they  dipped  at  an  angle  of  45°  or  over.  Therofore, 
as  we  find  but  little  difference  between  the  thickness  of  the  strata  at 
right  angles  on  steep  and  even  inverted  dips  and  that  of  the  horizontal 
strata,  we  conclude  that  most  of  the  anthracite  basins  have  been  contracted, 
depressed,  or  elevated,  and  that  their  angles  of  dip  have  been  greatly 
increased.  Where  the  strata  are  contorted,  we  almost  invariably  find  the 
coal  crushed  and  powdered ;  but  where  we  do  not  find  evidence  of  violent 
contractions,  or  where  the  coal  has  not  been  subjected  to  a  crushing  process, 
the  seams  are  not  injured  in  this  respect.  "Faults,"  however,  are  common 
in  all  formations ;  but  they  are  less  frequent  in  well-defined  planes  and  in 
smooth  and  regular  strata  than  in  twisted,  knotty,  and  rippled  sediment : 
these  irregularities  are  primal  faults,  and  not  the  effects  of  subsequent 
causes.  Coal,  however,  may  be  changed  by  other  causes  than  the  influ- 
ences of  contraction,  and  to  the  irregularities  in  coal  formations,  due  to 
such  subsequent  causes  as  slips,  "up-throws,"  "down-throws,"  "crushed 
strata,"  inverted  measures,  &c.,  we  may  add  those  caused  by  heat,  trap 
dikes,  and  like  phenomena,  which  have  also  changed  the  normal  condition 
of  coal  by  exhausting  its  carbon  and  dividing  and  distorting  its  strata. 
"Primal  faults"  are  the  effects  of  original  causes.  These  causes  we  will 
not  attempt  to  explain  in  this  connection,  but  will  offer  instances  and  their 
inferences  in  a  future  chapter,  under  the  head  of  "faults  and  irregularities :" 
— we  allude  to  "rock  faults,"  "dirt  feults,"  "slate  feults,"  "bottom  aud 
top  rolls,"  &c.  &c. 
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VERTICAL   SECTION   BROAD   MOUNTAIN   BASIN. 
97  represents  a  section  through  the  centre  of  the  Broad  Moun- 
tain or  JJew  Boston  basin.     We  gave  the  thickness 
^'''  of  the  strata  in  a  former  page ;  the  total  deptli  is  860 

feet;  and  this  depth  we  assume  as  a  medium  basin, 
and  the  most  fevorable  for  the  formation  of  coal,  not 
merely  because  this  basin  presents  a  maximum  thick- 
ness of  coal-beds,  but  because  all  other  basins  of  the 
same  dimensions  present  the  same  favorable  condi- 
tions. We  may  instance  the  eastern  extremity  of  the 
Southern  coal-field  on  the  Lehigh,  particularly  the 
Summit  Hill  basin,  most  of  the  detached  Iiehigh 
basins,  the  Mahanoy  basins,  and  the  Mine  Hill  basins. 
Others  might  be  brought  in  evidence ;  but  these  are 
enough.  The  original  depth  of  those  basins  can  only 
be  found  from  the  number  of  eeams  they  contain,  and 
all  those  in  which  the  upper  red-ash  eoa!  seams  do 
not  exist  must  have  been  originally  comparatively 
shallow  basins.  Their  present  depth  is  not  a  safe 
criterion :  the  depth  through  the  measures  does  not 
offer  conclusive  evidence  of  original  depth,  since  the 
top  of  the  water  may  have  been  many  feet  above  the 
upper  measures. 

In  the  Pottsville  basin  the  water-line  may  have 
been  near  the  summit  of  the  Sharp  Mountain ; 
and  thouffh  we  have  good  reason  to  say  that  range 
wa-*  not  oiiginally  as  elevated  as  at  present,  it  must 
still  have  been  as  high  as  the  Broad  Mountain  at 
that  time  since  the  water  of  the  anthracite  coal-fieltls 
must  have  hid  a  general  level,  as  the  identical  seams 
must  hive  had  a  cotemporaneous  existence.  There- 
fore the  Pottsville  basin  may  have  been  more  than 
1000  feet  deeper  than  the  Broad  Mountain, — or  the 
differ<.nce  between  the  level  of  the  Mammoth  and  the 
feindrock  — since  the  intervening  seams  were  formt^ 
after  the  Broad  Mountain  basin  had  been  filleil. 
When  or  how  those  basins  were  depressed  or  elevated,  no  one  can  say. 
Tlie  contracting  forces  may  have  been  gradually  doing  their  work  during 
the  formation  of  coal,  as  we  should  infer;  but  their  most  violent  efforts 
were  exerted  subsequently,  as  the  crushed  and  inverted  strata  testify. 

We  offered  a  theory  on  the  formation  of  coal  in  the  early  chapters  of 
this  work,  and  we  think  the  formations  of  this  basin  offer  abundant  proof 
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that  the  commonly  accepted   arborescent  vegetation,  or   the   marsh   and 
boff  theories,  are  incorrect  and  erroneous,  if  it  does  ^^^  gg 

not  prove  ours  to  be  correct.  It  would  be  far  beyond 
the  probability,  if  not  the  possibility,  for  the  slow 
growth  of  bog  formation  to  form  the  grand  column  of 
coal  represented  in  figure  98,  or  the  Mammoth  of  this 
basin.  According  to  the  slow  growth  of  bogs,  as  de- 
veloped mthin  the  last  five  hundred  yeai's  in  Ireland 
and  elsewhere,  it  would  require  a  million  years  to  ibrm 
the  munificent  bed  of  coal  here  illustrated;  and 
according  to  the  tlieory  of  arborescent  and  marsh 
vegetation,  as  advocated  by  Professor  Rogers  and 
others,  it  would  not  only  require  an  equal  lapse  of 
time  to  produce  a  sufficient  grofrth,  but  it  would  be 
an  impossibility  for  any  land-growth  of  vegetation  to 
form  a  soiid  bench  or  vein  of  coal  equal  to  the  12-foot 
benchr  of  this  great  bed.  It  would  require  a  thousand 
feet  of  massed  and  packed  vegetation  to  form  this  12 
feet  of  coal;  and  we  need  not  say  that  such  a  growth 
could  not  be  sustained  on  the  land  or  above  water. 

A  vegetation  capable  of  producing  such  a  vast  mass 
of  coal  must  not  only  have  taken  root  in  tlie  depth  of 
the  basin,  and  grown  up  through  it,  but  tlie  successive 
growths  of  years  must  have  accumulated  and  settled  in 
it.  We  have  no  doubt  that  the  increase  of  growth 
was  on  the  surfece  of  the  water,  but  that  yearly  in- 
crease receded  beneath  the  water  and  formed  the  mass, 
which  could  not  increase  in  any  other  manner  from 
simple  vegetation.  But,  as  before  stated,  we  do  not 
credit  the  theory  of  the  formation  of  coal  from  vegeta- 
tion alone.  The  carbon  oils,  which  at  that  day  must 
have  been  in  excess,  particularly  in  the  coal  forma- 
tions, were  perhaps  the  most  active  agent  in  preserving 
the  vegetation  and  in  increasing  and  cementing  its 
bulk,  as  set  forth  at  large  in  the  early  chapters. 

Tliat  petroleum  forms  bitumen  by  evaporation  and 
sediment,  requires  no  proof  here ;  it  is  a  fixed  and 
commonly  accepted  tact;  and  tliat  this  oil  was  the 
product  of  this  era  and  existed  in  profusion,  the 
immense  bituminous  deposits  testify:  therefore,  it  is 
natural  that  the  resulting  bitumen  should  unite  with  ^^"w  boston, Trq"  *' 
the  vegetation    to  form    coal,   since  both   must  have  "ountbin  B.9m. 

resulted  in  the  same  basins  and  conld  not  escape  contact.     It  is  not  only 
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tlie  most  natural  process  that  can  be  su^eated,  but  it  is  the  only  one  that 
can  bo  reconciled  to  all  the  conditions  of  our  coal  formations. 

The  interrqptions  to  the  continuous  growth  or  formation  of  coal  are 
frequent  even  in  a  single  bed,  and  it  is  rare  to  find  more  than  5  or  6  feet 
of  a  solid  bench  that  is  not  intercalated  with  slate  or  some  evidence  of  a 
check  'or  interruption  to  the  continuous  accumulation  of  the  bed.  In  figure 
98  we  find  one  bed  of  12  feet,  and  in  other  beds  illustrated  we  have  given 
nearly  equal  benches;  but  these  are  streaked  with  horizontal  divisions  or 
layers,  giving  evidence  of  depression  and  change, — perhaps  marking  the 
periods  of  subsidence  beneath  the  surface  of  the  water. 

There  are  seven  principal  interruptions  or  divisions  in  the  Mammoth  at 
New  Boston,  marking  the  eras  of  complete  submergence,  if  not  precipita- 
tion, since  the  strata  of  slate  indicate  an  interruption  to  the  formation  of 
coa!,  and  a  deposit  of  argillaceous  or  ar^aceous  matter.  In  this  respect, 
the  Mammoth  is  made  up  of  seven  distinct  seams ;  but  tliese  dividing  slates 
are  not  only  liable  to  change,  to  increase  or  deci'case,  in  the  same  basin,  and 
at  short  intervals,  but  they  do  not  appear  in  the  same  character  in  other 
basins. 

From  evidences  accumulated  from  various  sources,  and  the  facts  de- 
veloped by  our  examination  of  the  anthracite  and  bituminous  coa!  forma- 
tions in  this  country  especially,  we  conclude : — 

1.  That  basins  of  1000  feet  are  the  best  and  most  favorable  condition  for 
the  growth  or  formation  of  coal,  and  that  the  largest  beds  are  formed  at  a 
depth  of  from  200  to  600  feet  from  the  surface. 

2.  That  the  coal  measures  were  originally  formed  in  gently  undulating 
basins  filled  with  water,  and  that  their  normal  condition  has  been  changed 
in  all  cases  of  high  angles  and  inverted  dips  by  contraction  of  the  earth's 
crust,  and  the  consequent  elevation  and  depression  of  the  axes. 

3.  That  coal  was  formed  in  water  by  the  accumulation  of  carbon 
and  bitumen,  from  an  excessive  growth  of  vegetation  and  the  condensation 
resulting  from  the  evaporation  of  carbon  oils,  w^hich  were  produced  in 
profusion  in  the  same  basins  in  which  the  magnificent  vegetation  of  the 
coal  era  flourished;  and,  consequently  the  contact  and  result  could  not  be 
avoided. 

4.  The  extraordinary  growth  or  formation  of  coal  in  the  anthracite 
regions  is  due  to  an  excess  of  naphtha  or  petroleum,  which  resulted  from 
superior  heat  due  to  volcanic  influences ;  and  the  nature  of  tlie  coal  is  also 
due  to  the  same  causes. 

"We  Iiave  thus  tersely  stated  propositions  which  we  believe  may  be  called 
fads,  and  which  we  think  will  stand  the  critical  investigations  of  the  prac- 
tical. Merely  scientific  inductions  have  had  no  influence  in  forming  Uiese 
conclusions ;  and  we  do  not  think  that  any  hut  the  practical,  who  are  iiimiliar 
with  existing  facts,  can  properly  appreciate  a  subject  so  abstruse  and  obscure. 
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We  have  faithfully  tried  to  elucidate  the  propositions  at  large  in  another 
part  of  the  work,  and  only  briefly  allude  to  them  here  in  connection  with 
the  coal-beda,  to  bring  the  subject  in  bolder  relief  before  the  mind.  But  those 
who  would  understand  us  clearly,  and  who  wish  to  gain  a  comprehensive 
knowledge  of  this  part  of  our  subject,  should  read  Chapter  IV. 

The  Skidmore  at  New  Boston,  in  the  Broad  Mountain 
basin,  is  not  in  aa  perfect  condition  as  the  Mammoth.  ^"^-  ^^- 

It  is,  however,  as  good  as  this  seam  is  generally  found, 
and  better  than  its  usual  condition  in  the  Southern  coal- 
field. The  amount  of  good  coal  is  over  6  feet,  while 
that  represented  by  white  lines  in  this  case  is  bone, 
which  is  not  always  a  serious  objection,  except  when 
the  bone  is  not  streaked  in  the  benches  of  coal.  A  mass 
of  hard  bone  or  slate  between  the  benches  can  always 
be  removed  and  prevented  from  mingling  with  the 
prepared  coal.  But  when  thin  streaks  of  bone  qr  slate 
are  intercalated  in  and  through  tlie  solid  benches,  it 
becomes  impossible  to  separate  them  from  the  prepared 
or  marketable  coal. 

The  thickness  of  D  is  9  feet  in  this  basin,  which  is  over  its  average 
thickness,  but  less  than  its  maximum  thickness  in  the  Mahanoy  and  Lehigh 
basins. 

C  is  not  often  in  a  workable  condition,  and  seldom  as    •      Pig.  lOO. 
pure  as  we  find  it  here,  with  nearly  7  feet  of  merchantable 
coal,  divided  by  two  small  bone  partings.     In  the  Black 
Creek  basins  of  the  Lehigh  group  it  is  rather  larger,  but 
in  the  Beaver  Meadow  basin  it  has  not  been  developed. 

The  Buck  Mountain  bed,  or  B,  of  our  nomenclature, 
though  not  in  its  maximum  dimension**,  is  here  in  its  best 
condition.  It  is  almost  a  solid  bed  of  coal,  18  feet  thick, 
with  a  few  unimportant  streaks  of  bone  and  slate.  In 
this  respect  it  does  not  much  rcRemble  its  celebrated  bostTn,"  th" 
counterpart  of  the  Buck  Mountain,  which  is  divided  by  a  b™*°  """"'"* 
massive  slate,  and  which  is  a  distinguishing  feature  of  this 
bed  wherever  found,  within  our  experience,  except  in  this  single  locality. 
There  cannot,  however,  be  any  mistake  in  regard  to  the  identity  of  the 
bed,  since  ifl  eveiy  other  respeft  it  h  a  perfect  counterpart.  The  absence 
of  slate  in  this  coal  is  not  more  remarkablf  than  its  absence  in  the 
Mammoth  above  it,  and  can  only  be  attributed  to  the  general  and  extra- 
ordinary purity  of  the  coals  of  this  basin. 

The  lower  seam  A  we  have  not  made  the  subject  of  special  inquiry, 
but  we  understand  it  is  here  in  worlcable  condition,  and  from  6  to  8  feet 
in  thickness, — which  is  its  maximum  size. 
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The  Broad  Mountain  coa!   formation   extends  westward  of  the  New 
Boston  basin ;  but  hitherto  no  coal  has  been  developed 
Fio.  101.  in  a  workable  condition,  though  we   have   reason   to 

believe  it  exists. 


THE  LOWER  COAL-BEDS. 
The  existence  of  workable  beds  beneath  the  Mammoth 
and  Skidmore  has  been  denied  by  some  of  our  promi- 
nent engineers,  and  but  little  is  known  concerning  them 
by  the  miners  of  Schuylkill.  It  ia  unsafe,  however,  to 
conclude  on  general  formations  from  local  causes  and 
evidences.  Those  simply  fiimiliar  with  the  formations 
east  of  the  Mine  Hill  might  readily  come  to  .such  a 
conclusion ;  but  a  general  knowledge  of  the  antliraeite 
measures  must  convince  any  practical  man,  despite  his 
prejudices  to  the  contrary.  But  though  the  seams  do 
HEWDo'sToil  on  not  assume  their  best  condition  in  tlie  Schuylkill  dis- 

BROiOMouNrAm  ^^.^^^  ^^^^  ^^^  ^^.^^  uulformly  in  place,  as  our  section, 
figure  76,  satisfectorily  proves ;  while  our  sections  of  each 
seam  prove  conclusively  their  existence  in  the  Schuylkill  district,  and 
figure  71  shows  a  similar  formation  at  Tamaqua.  There  is  a  general  and 
constantly  varying  difference  in  the  thickness  of  both  the  coal-seams  and 
the  intervening  strata ;  and,  in  order  to  show  parallel  fonnations,  we  have 
given  the  thickness  respectively  in  figures,  rather  than  form  the  sections  to 
a  uniform  scale. 

For  instance,  the  section  at  Scranton,  figure  25,  containing  all  the  seams 
below  J,  is  only  455  feet  in  vertical  height ;  while  the  column  at  Pottsville 
below  J,  or  the  Diamond,  is  over  1000  feet ;  but  we  have  made  them  about 
the  same  dimensions,  in  order  to  justify  the  beds,  or  bring  the  Mammoth 
as  a  bnse-line  on  the  same  horizon,  and  we  thus  offer  to  the  mind  and  the 
eye  both  the  identity  and  the  relative  distances  and  dimensions. 

The  figures  we  have  given  are  not  generally  the  results  of  actual  measure- 
ments :  whenever  available,  we  have  given  the  exact  distances,  but  more  fre- 
quently they  are  approximate  measurements,  yet  near  enough  to  the  trutb 
for  all  practical  purposes. 

We  give  a  parallel  representation  of  the  columns  from  each  of  the  princi- 
pal coal-regions,  in  order  to  exhibit  the  general  uniformity  and  ordei'  in 
which  the  workable  or  prominent  seams  are  stratified,  and  to  prove  more 
conclusively  this  identity.  It  brings  before  the  eye,  in  a  comprehensive 
manner,  the  formation  or  measures  of  each  district,  and  the  order  in  which 
the  beds  are  stratified. 

The  twelve  foregoing  sections  exhibit  more  uniformity  and  order  in  the 
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anthmeitc  fortuiitioiis  of  Pennsylvania  than  we  had  anticipated  in  the  com- 
mencement of  this  work :  we  were  not  prepared  to  find  so  much  conmstency 
or  so  complete  an  identity  in  tlie  respective  seams,  though  we  have  been 
practically  familiar  with  the  anthracite  coal  measures  for  tliirty  years;  and 
we  presume  our  practical  readers  will  he  surprised  to  find  so  much  order 
and  conformity,  when  local  formations  present  so  many  changes  and  fre- 
quently so  much  confusion. 

We  liave  not,  however,  formed  the  sections  at  fiiulty  or  disturbed 
localities,  but  have  invariably  sought  our  data  at  points  where  tlie 
measures  were  regular  and  consistent. 

Sections  might  be  formed  from  actual  developments  at  tbe  Lehigh 
terminus  of  the  first  coal-field,  at  Coalcastle  in  the  Mine  Hill  ba^in,  itt 
Mahanoy"  City,  at  Shenandoah  City,  at  Pittston,  and  many  other  places, 
which  could  not  ba  recognized  as  belonging  to  the  same  coal  measures. 
But  these  are  irregular  formations,  and  cannot  be  taken  as  types  even  of 
the  district  in  which  they  exist.  Figure  115  is  a  vertical  section  of  the 
Sullivan  county  (Pennsylvania)  semi-bituminous  basin,  which  represont^i  a 
point  between  tlie  anthracite  and  bituminous  fields.  It  is  the  most  eastern 
of  the  Alleghany  formations,  and,  in  a  manner,  connects  the  two.  The 
Broad  Top  coal  does  not  belong  to  the  Alleghany  field,  and  is  more  in 
connection  with  the  anthracite  than  tlie  bituminous  fields,  as  fiir  as 
geological  affinities  affect  them. 


Lehigh  District. 

Duglas,  Skeer  &  Co.,  Room  Run 

Mines 86,r00 

Lehigh  Coal  &  Navigation  Com- 
pany, Old  Summit  Mines....  347,980 

E.  Jeffries  &  Co 12,031 

Lehigh  Coal  Company 25,124 

471,844 


Tamaqua  District 

Greenwood  Coal  Company 56,374 

George  W.  Cole 37,0aa 

Moss,  Wood  &  Co.,  on  Lehigh 
Coal  &  Navigation  Company's 

lands 34,iiS5 

Ratclilfe  &  RoUston 22,37ri 

Johnson  &  Ormrod l!).!.);! 

George  Brown 12,i;^3 

Litde  Schujlkiil  Company 4,7i-il 

r87~01U 
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Foiisville  or  . 
Heckscter  &  Co.  (including  H. 

H.Dunn,  agent,  46,921)...  207,903 

Geo.  S.  Kepplier 80,347 

Geo.  H.  Potts 78,795 

Mammoth  Vein  Consolidated 

Coal  Company 145,345 

A.  C.  Mil!er&Co 37,838 

Wm.  H.Johns 84,558 

Wm.  Kear  &  Co 82,841 

St.  Clair  Coal  Company 67,476 

Geo.  W.  Snyder 66,561 

Swatara  Falls  Goal  Company.     63,923 

Wm.  H.  Starr 63,831 

Wm.  Hindman 45,317 

Phcenix  Coal  Company 42,580 

C.  Garretson 23,891 

Kirk&Baum 34,830 

J.  H.  Bracken 28,780 

H.  W.Fuller 28,101 

B.  Hammet 27,022 

Glen  Carbon  Coal  Company..      25,535 

H.  Guiterman 24,918 

J.  A.  Dutter  &  Co 23,157 

W.  R.  Williams 20,725 

Kaska.  William  Coal  Co 20,482 

Beddall  &  Eobinson 20,114 

C.  Frantz 19,750 

Norwegian  Coal  Company 19,664 

Il.Lockart&  Co '^Ir^ 

1,403^565 


Brought  forward,  1,403, 

Duncan  Coal  Company 18, 

Pottsville  Mining  and  Manu- 
facturing Company 18, 

Consumers' Mutual  Coal  Co....  17, 

J.  S.  Serril 17, 

John  Dougherty 17, 

Chai-les  Saylor 16, 

Allan  Fisher 16, 

John  Ealston 15, 

Goodman  Dolbin 15, 

R.Win!ack&Co 11, 

.J.  Buckley  &  Co 11, 

East  Mountain  Laffee  Coal  Co.  9, 

GilfiUan  &  Ganley s] 

Wm.  Dovey 8, 

Ibichards  &  Fisher 5, 

'Wm.  Spencer,  agent 4, 

Wm.  Littiehalea 4, 

Wells&Smlth 3, 

Si!liman&  Foster 3, 

D.  Whitehouse 3, 

W.N.  Taylor  &  Co 3, 

J.Sheard 2, 

Potts  &  Snyder  (new) 2, 

Broad  Mountain  Coal  Co 2, 

Wm.  L.Williams 2, 

Job  Rich 2, 

Sundry  small  shippers 28, 

1,677, 


fine  Grove  District. 

Henry  Hiel 32,844 

Wheeler,  Miller  &  Co 19,591 

Eckert&Co 13,125 

Ettien  &  Lomison 5,465 

Red  Mountain  Coal  Company  (new) 232 

Kitzmillcr,  Graef  &  Co 144,784 

17,041 
Lt/kens  YaUiy  District. 

Ljl™  Talfe,  Co.l  C™p..,    ,  „„„,ij.,,j  (  

Short  Mountain  Coal  Company  J  (  


..  68,021 
.._fil,952 
i29,"073 
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Dauphin  District. 
Daupbiii  &  Susquehanna  Coal  Company 146,669 

Secapilulation . 

Lehigh,  or  Eastera  District 471,844 

Tamaqua  District 187,010 

PottSTilleor  Middle  Districts 1,6T'7,557 

Pine  Grove  District 217,041 

Lykens  Yallej  District 129,973 

Dauphin  District 146,669 

Total  from  First  Coal-Field 2,920,094 
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CHAPTER    XIV. 


FAULTS,  lEEEGULARITIES,  AND   PECULIARITIES    IN   COAL    FORMATIONS. 

General  Form  of  the  Eastern  Strata — Depression  and  Contraction — Tie  Pottsyille  Section, 
figure  74— The  Jugular  Inverted  Basin,  figure  75 — Shenandoah,  City,  figure  64 — Wico- 
niaeo,  figure  93— Diamond  Mines  at  Hazletou,  figure  102— Faults— Trap  Dikes— English 
Faults— Slip  Dikes- Change  of  Horizon— Sad dlos,  or  Horsc-Backa— "  Trouhles"— Rich- 
mond Coal-FieU— Rock  Faults— Slate  Faults— Dirt  FaultB— Black  Dirt  or  Outcrops. 

We  do  not  propose  to  confine  ourselves  exclusively  in  this  chapter  to 
the  anthracite  coal  measures ;  but,  as  most  of  our  illustrations  have  espeeiiil 
reference  thereto,  and  as  most  of  our  subjects  will  be  in  connection  with 
the  anthracite  formations,  we  continue  the  chapter  under  the  head  of  the 
anthracite  coal-fields. 

We  have  never  seen  our  present  subject  illustrated  or  treated  in  boobs; 
and  perhaps  it  is  less  understood  than  any  other  phenomena  or  peculiarity 
in  the  lithological  structure  of  the  earth.  There  are  many  irregularities  and 
apparent  contradictions  in  geology,  of  which  we  shall  not  treat,  as  our 
special  attention  is  directed  to  the  coal  measures,  and  more  particularly 
those  of  the  anthracite  formations ;  but  we  find  in  the  details  before  us  a 
miniature  of  the  general  peculiarities  of  the  earth's  crust. 


GENEEAL   FORM   OF   THE   EASTERN   PAL_SOZf)IC   STRATA. 

We  must  here  briefly  notice  the  general  configuration  of  the  Palteozoic 
strata  on  the  Atlantic  slopes,  in  order  to  present  clearly  the  contraction  and 
foliation  of  the  coal-strata,  in  conformity  with  the  formations  in  which  they 
exist,  and  which  will  be  found  more  extensively  treated  in  Chapter  III. 

Most  of  the  north-dipping  strata  in  the  Blue  Ridge  and  parallel  moun- 
tain-ranges are  either  vertical  or  inverted,  as  shown  in  figure  74,  in  the 
south  basins  of  the  anthracite  measures,  exhibiting  this  peculiarity  from 
the  great  mountain-chains  down  to  the  mere  roll  in  the  coal  measures.  In 
the  anthracite  regions,  this  system  of  inverted  or  elevated  strabi  is  more 
marked  and  peculiar  north  of  the  Great  Valley  limestone  formation  than 
south  of  it ;  but  farther  south,  in  the  mountains  of  Virginia  and  North 
Carolina,  it  embraces  a  wider  range,  and  extends  from  the  gneissic  rocks  to 
the  coal  measures  of  the  Alleghanies.  But  there,  as  here,  the  undulations 
are  more  acute  to  tlie  east  than  the  west.  On  the  New  River,  in  Mont- 
gomery and  Pulaski  counties  in  Virginia,  as  will  be  shown  in  our  descrip- 
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tion  of  the  New  Eiver  coal-field,  the  north-dipping  strata  are  inverted 
as  much  as  they  are  at  Pottsville,  and  at  many  intervening  points  tha 
same  inverted  feature  is  manifest,  clearly  demonstrating  the  fact  that  the 
deep  inverted  basins  increase  to  the  east  and  diminish  to  the  west,  along  the 
entire  Appalachian  chain  of  the  Atlantic  slopes  from  north  to  south. 
Figure  74,  or  the  transverse  section  of  the  coal-basins  from  the  Sharp 
Mountain  to  the  Mine  Hill  in  the  vicinity  of  Pottsville,  is  a  miniature 
section  of  the  foliation  from  tlie  Blue  Ridge  to  the  Alleghanies,  and 
exhibite  generally  the  progressive  increase  in  the  dip  of  the  strata  from 
west  to  east. 

As  stated  in  Chapter  III.,  this  peculiar  feature  of  the  eastern  forma- 
tions is  due  first  to  volcanic  influences,  and  secondly  to  the  forces  of 
contraction.  Volcanic  vents  on  the  long  line  of  granite  coasts  first 
caused  a  subsidence  or  depression  of  the  eastern  marginal  depth  of  the 
ancient  Appalachian  Sea  (now  containing  the  Palffiozoic  strata  from  the 
Blue  Ridge  to  the  Rocky  Mountains),  and  formed  the  base  or  synclinal 
axis  of  the  deep  Southern  basins;  and  subsequently  the  forces  exerted  by 
the  contraction  of  the  exterior  portions  of  the  earth's  crust  crushed  those 
basins  together  in  a  lateral  manner,  as  shown  by  figure  6  and  explained  in 
that  connection. 

"We  can  readily  comprehend  that  the  sharp  axes  of  highly  inclining 
strata  would  be  the  weakest  point  under  those  lateral  forces,  on  the  same 
principle  that  a  book  folds  or  hinges  on  its  back ;  and  sujee  those  weak 
points  existed  on  the  long  line  of  sea-coast,  or  volcanic  shores,  from  one 
aid  of  the  Appalachian  chain  to  the  other,  they  now  constitute  our  inverted 
axes  of  formation,  and  disclose  the  feet  that  tlie  contractions  of  the  entire 
Appalachian  basin,  from  the  Blue  Ridge  to  the  Rocky  Mountains,  were 
concentrated  here,  or  along  the  weakest  line  of  the  crust-formations. 

In  figure  74,  as  above  stated,  will  be  found  a  miniature  representation 
of  this  general  contraction,  and  the  features  of  the  foliation  as  it  decreases 
from  east  to  west';  and  in  the  local  illustrations  will  be  found  simple 
repetitions  in  miniature  of  figure  74.  These  irregularities,  therefore, 
become  the  rule  instead  of  the  exception,  and  constitute  a  vast  system  of 
highly  foliated  strata, — doubled  almost  as  acutely  as  the  folds  of  a  map 
or  a  handkerchief,  and  frequently  inverted  or  leaning  to  the  "wrong  side" 
of  the  axis. 

Figure  75,  illustrating  the  "Jugtilar"  formation  at  Coalcastle,  is  perhaps 
as  correct  a  representation  aa  could  be  given  of  this  inverted  feature  in  our 
geological  formations.  We  can  only  account  for  it  on  the  principle  which 
we  have  advanced  as  governing  and  controlling  all  such  formations,  and 
as  many  of  our  practical  geologists  account  for  similar  foliations  in  the 
Alps  and  elsewhere. 

We  have  illustrated  this  feature  of  the  anthracite  coal  measures  pretty 
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fully  from  local  formations.  Figure  54  represents  two  inverted  basins  at 
Shenandoah  City,  in  the  Malianoy  coal  region.  The  engraving  does  not 
fully  show  the  basins,  but  both  north  and  south  dips  appear  as  south  dips 
in  the  same  basin.  Figure  93  la  a  representation  of  foliated  strata  at 
Wiconisco,  in  the  western  end  of  the  Lykens  Valley  fork  of  the  First, 
or  Southern,  coal-field.  It  exhibits  a  new  feature,  not  entirely  peculiar,  but 
one  that  is  rarely  developed  in  the  coal  measures.  The  inverted  strata  are 
here  developed  in  reverse  order,  and  the  whole  formation,  including  the 
conglomerate,  is  shown  to  be  elevated  instead  of  depres,sed,  but  bent  and 
distorted,  evincing  the  effects  of  lateral  contraction  in  the  most  positive 
manner,  since  no  other  force  could  produce  the  same  effects. 

In  other  portions  of  this  work  we  have  made  frequent  allusions  to  these 
inverted  formations,  particularly  in  reference  to  the  "Jugular  overthrow" 
at  Coalcastle,  and  promised  to  explain  them  fully.  We  think  this  promise 
has  been  fulfilled  in  connection  with  the  illustrations  as  they  appear  in 
order,  and  the  present  reference  to  the  same. 

The  engravings,  however,  explain  themselves  to  the  practical  raind,  and 
convey  a  better  impression  of  the  subject  than  can  be  obtained  from  tjie 
text,  however  carefully  worded,  without  their  assistance. 

If  we  have  stated  the  tacts  clearly,  there  can  be  no  doubt  left  in 
regard  to  the  mythical  character  of  the  great  Jngular  humbug;  and  not 
only  will  that  matter  be  settled,  but  all  inverted  dips  and  irregular  forma- 
t-ions in  the  anthracite  coal  measures  may  be  accounted  for  and  understood 
on  the  same  general  principle. 


CONTRACTION  AT  HAZLETON. 


One  of  the  most  singular  instances  of  inversion  of  strata,  or  the  effects 
of  contraction,  is  found  at  the  bottom  of  the  Diamond  mines,  Hazleton, 
The  Hazleton  basin  contains  an  anticlinal  running  through  its  centre,  and, 


at  the  wc  t    n      d  at  1     t  two    f  th  s    a  At  tl     Dm     In 

near  the  f  fH     It       th     mdll    ax  n     rt  d  h      n       ft 

102.  Th  B  g  "V  n  f  Ided  ba  k  r  the  noth  d  p  so  th  t  the 
botUm  slal  of  th  first  no  tl  1  p  )  m  i\  t  p  I  f  f  tl  ec  d  north 
dip  (reall     a        tl     !  i     f  tl         nt    1         )  1    t  i         g  tl      h    p 
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inverted  point  of  the  axis  or  saddle,  the  second  true  north  dip  assumes  its 
proper  position  and  condition.  This  sharp  folding  of  the  strata,  in  the 
Hazleton  basin  takes  place  at  a  depth  of  900  feet  vertical,  where  tiic 
breadth  of  the  basin  is  2600  feet  between  the  outcroi)s  of  the  Mammotii, 
and  where  the  general  dip  of  the  naeasures  is  between  35°  and  40°. 

It  is  very  evident  that  such  could  not  have  been  the  normal  condition 
of  the  bed,  since  no  sedimentary  strata  could  have  been  formed  in  tliid 
inverted  manner.  It  must,  therefore,  have  resulted  from  subsequent  causes; 
and  since  we  can  find  no  cause  so  probable  as  the  natural  and  ii-resistib^e 
forces  of  contraction,  we  conclude  such  to  have  been  the  power  which  han 
contorted  and  crushed  not  only  the  anthracite  coal  measures,  but  the  long, 
parallel  waves  of  inverted  strata  in  which  these  measures  exist,  trom  ilie 
Blue  Eidge  to  the  AUeghanies. 

Though  the  instance  we  have  given  in  figure  102  is  peculiar,  it  is  not 
entirely  singular;  other  instances  of  the  same  kind  may  be  given;  but  Me 
have  selected  the  various  forms  of  contracted  strata  in  order  to  illustrate 
the  subject  fully,  and  as  shown  in  our  numerous  sections. 

Figure  70,  representing  tliis  peculiarity  in  the  Tamaqua  Shaft  colliei-y, 
is  the  nearest  approach  that  we  have  given  to  the  inversion  displayed  in 
figure  102. 


This  13  a  local  •md  technical  nime  given  to  the  feulty  and  imperfect 

portions  of   the    anthracite    coal  beds  of    Pennsylvania,   as   "troubles,"' 

hitches       dikes       hor^ebi  ks     and  other  technical  phrases  are  locally 

used  to  dtnote  imj unties  aid  met,  laiities  in  the  coal-seams  of  other 

r^ions  and  countiies 

The  fiiulta  existing  m  the  anthncite  regions  are  peculiar  to  these  forma- 
t  ons  01  t  the  lun,,  line  of  i\  erted  an  1  folded  strata  which  occupy  our 
Ea=(tern  Paleozoic  coaat  range  In  the  anthracite  fields  faults  are  both 
numerous  anl  vainbie    but  they  are  not  extensive,  and  never  occui)y  any 


great  area  ii  I  '     ly-disturbed 

portion  is  t    .  I     '  ^         miitain  coal 

measures;  but  even  there  a  considerable  portion  of  the  coal  is  morcbantible. 
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TKe  chief  defect  is  the  ei-ushed  anil  shelly  condition  of  the  coal,  which  is 
subject,  in  consecjueuce,  to  mucli  waste. 

TRAP   C1KE3. 

Figure  103  represents  the  general  form  and  efFects  of  the  English  trap- 
dike  faults,  which  consist  of  lava  ejected  or  forced  from  the  molten  bowels 
of  the  earth  through  its  confining  crust  by  the  forces  of  ctmtradion. 

The  cooling  and  contracting  process  which  the  rocky  crust  of  the  earth 
has  undergone,  or  is  undergoing,  on  its  molten  and  uucontracting  core, 
naturally  produces  that  irresistible  effort  to  escape  which  we  see  exemplified 
in  dikes,  volcanoes,  &o.  In  England,  where  no  great  volcanic  peaks  exist, 
and  where  the  formations  are  uniform,  and,  consequently,  without  those 
pecuUar  weak  points  which  yield  to  the  forces  of  contraction,  the  condensed 
lava  bursts  through  the  confining  crust  in  long  lines  of  trap,  which  are 
known  as  trap  dikes.  In  the  English  coal  measures  the  dikes  thus  formed 
ty  the  lava  are  frequent.  They  occupy  long  parallel  lines  across  the  coal 
measures  and  through  the  adjoining  country, — often  from  sea  to  sea. 
These  trap  dikes  burst  through  the  strata  nearly  at  right  angles,  but  some- 
times lean  with  the  line  of  "cleavage."  The  coal-seams  are  cut  and 
divided  by  tJie  lava,  and  frequently  one  portion  is  carried  upwards  by  the 
lifting  power  of  the  molten  mass  until  the  connecting  points  are  several 
hundred  feet  "out  of  place,"  as  in  the  instance  of  the  "90'fathom  dike"  of 
the  Newcastle  coal-field. 

Thus  the  forces  of  contraction  are  exerted  according  to  the  geological 
character  of  the  country  or  district  in  which  they  occur.  In  Mexico  and 
other  volcanic  countries  the  lava  escapes  through  volcanic  vents,  as  the 
earth's  crust  contracts  until  its  rocky  bands  are  forced  to  yield  to  that 
power  which  nothing  can  resist.  In  Chapter  IV.  we  stated  an  instance 
of  the  terrible  force  with  which  volcanic  lava  is  vented.  It  is  said  that 
Cotopaxi,  which  is  nearly  19,000  feet  high,  !ms  projected  lava  6000  feet 
above  its  summit,  and  tliat  it  once  threw  a  stone  109  cubic  yards  in 
volume  to  a  distance  of  nine  miles. 

In  the  United  States  we  find  the  forces  of  contraction  east  of  the  Rocky 
Mountains  exerted  on  the  foliated  and  yielding  strata  of  the  Atlantic  slopes ; 
while  west  of  the  Eocky  Mountains  we  find  it  vented  in  volcanic  eruptions, 
and  in  England  we  find  the  trap  dikes.  We  allude  to  the  exertion  of 
those  forces,  in  these  ii^tances,  however,  since  the  formation  of  coal:  prior 
to  that  period,  volcanic  eruptions  were  general  in  all  sections. 

SLIP   DIKES. 

The  faults  of  the  English  coal-seams,  therefore,  are  quite  different 
in  form  and  character  from  those  which  are  peculiar  to  our  anthracite 
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beds.  There  the  ch  ef  or  pr  dom  nit  ng  feature  of  fauUs  in  eoal  is 
that  of  trap  dikes  a  1  1  j  d  Ue  wl  cl  ftect  the  seama  extensively 
and  seriously  by  "1  ft  g  or  cl  a  j,  cp  tl  e  h  zons  of  the  strata  above 
their  proper  connect  ons  Thus  we  il  3  n  tl  e  Newcastle  district  a  great 
many  faults  of  th  s  chi  ■acter  w  1  e  e  the  seams  are  disconnected  or 
lifted  one  above  the  the  ts  shown  n  fij^ure  104,  which,  however, 
was  not  designed  to  Ilustrite  tl  e  Englu  1  slip  dikes,"  but  rather 
the  local  slips  in  the  anthn  te  fiel  1  It  ep  e  nts,  notwithstanding,  the 
English  crust-move  ne  I  j     1 1  e  — tl  e  r    ult  of  the  trap  dikes  or 


their  causes, 


There  is  a  slight  error  in  the  mechanical  execution  of  the  above  illus- 
tration: the  oblique  line  of  the  slip  should  cross  the  measures  or  pass 
down  through  the  bottom  in  the  same  manner  as  the  top;  and  the  slate 
shown  under  the  upper  portion  of  the  seam  should  also  be  shown  under 
tlie  lower  portion:  otherwise,  this  figure  represents  correctly  the  English 
slip  dikes.  But  there  those  slips,  like  the  trap  dikes,  affect  the  measures 
throughout;  while  here  the  slips,  as  shown  in  figure  104,  are  simply  local, 
and  may  or  may  not  affect  the  seams  above  and  below.  They  are  simply 
moved  from  their  original  position  by  the  lateral  movements  of  the  crust, 
instead  of  the  vertical,  as  in  the  British  coal-fields.  The  coal  in  the 
anthracite  fields,  when  moved  by  slips,  is  not  materially  injured,  except  by 
the  crushing  process,  which  simply  crumbles  it.  But  in  the  English 
coal-fiel<k,  in  the  vicinity  of  the  trap  dikes,  the  coal  is  generally  either 
burned  to  a  cinder  or  completely  coked;  in  the  vicinity  of  the  slip  dikes, 
however,  the  coal  is  simply  moved  from  its  normal  condition  or  parted  in 
a  nearly  perpendicular  manner. 

There  are  exceptions  in  the  trap-dike  faults,  however,  where  the  coal  is 
not  injured  by  heat;  but  in  those  cases  there  is  evidence  of  the  formation 
of  the  dike  prior  to  the  formation  of  tlie  coal,  and  the  coal  is  deposited  on 
the  inclining  sides  of  those  dikes  at  a  less  angle  than  where  they  liawe 
been  of  subsequent  occurrence. 

CHANGE  OP  HORIZON. 

Figure  105  represents  another  class  of  faults  found  in  all  coal-fielda,  but 
to  a  greater  extent  in  beds  which  have  been   forced  from  their  normal 
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condition  than  wbere  the  original  conditions  exist.     For  instance,  a  lower 
bed  may  be  moved  from  its  horizon  by  contraction  or  volcanic  causes, 


and  form  an  uneven  horizon  of  strata;  the  consequence  is  that  the  over- 
lying strata  would  conform,  in  a  measure,  to  its  moulding  influences;  or 
the  deposited  sedimentary  strata  may  be  swept  away  by  currents  and  shifted 
from  point  to  point,  thus  forming  their  arenaceous  beds  much  thicker 
at  one  locality  than  another,  even  in  coal-fields  which  have  not  been 
changed  from  their  normal  conditions,  such  aa  our  Western  coal-fields 
generally. 

The  tendency  in  iaults  of  this  character  is  to  depreciate  the  coal  in  cha- 
racter and  extent ;  but  they  do  not  generally  exert  their  influence  to  any 
great  extent  on  the  overlying  seams. 

As  represented  in  the  engraving,  the  deposits  of  slates  are  thicker  on 
the  lower  than  »on  the  upper  portions  of  tlie  coal,  and,  consequently,  the 
natural  tendency  would  be  to  return  to  the  uniform  horizon  of  formation, 
which  can  only  be  changed,  as  before  stated,  by  violence  or  some  irregular 


"SADDLES,"  OR   "HORSEBACKS," 

Figure  106  is  another  form  of  fiiult,  arising  from  the  causes  explained 
n  connection  with  the  preceding  figure.     It  is  an  expiring  anticlinal, 


which  may  have  been  of  much  greater  extent  at  a  greater  depth.  Faults 
of  tins  chiract£r  are  known  generally  aa  "horsebacks,"  and  "troubles." 
They  are,  like  the  foregomff,  frequent  in  all  coal  formations,  and,  we  pre- 
sume result  from  the  'ame  ciuses.  Sometimes  they  aie  extensive,  and 
tunnels  are  required  to  be  <int  through  rock  hundieds  of  feet  to  connect 
the  seams;  and  it  is  a  difficult  matt«r  to  tell  wlietlier  the  faults  are  simply 
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changes  of  iiorizooj  or  horsebacks,  and  proof  is  necessary,  by  following 
the  seam,  before  the  permanent  workings  can  be  continued.  Horsebacks, 
however,  are  not  so  troublesome  to  the  miner  as  an  extensive  change  of 
horizon :  in  the  former  case  a  tunnel  will  connect  the  plane  of  the  coal, 
but  in  the  latter  inclines  must  be  used  in  flat  seams;  in  pitching  seams 
a  simple  change  of  the  coui-se  of  the  "  gangway"  or  heading  will  obviate 
the  difficulty.  If  an  up-throw,  the  course  changes  towards  the  top  of  tlie 
seam ;  if  a  down-throw,  it  changes  towai-ds  the  bottom. 

In  the  nearly  horizontal  coal-flelds  of  the  West,  these  rolls  or  horsebacks 
are  frequent,  but  generally  more  gentle  in  angle,  though  more  extensive  in 
scope,  than  the  one  represented.  Tliey  exist  aJso  in  an  inverted  position, 
or  they  form  bellies,  or  "swellies,"  in  the  coal-strata,  instead  of  horse- 
backs or  saddles.  These  faults — if  faults  they  may  be  called — or  irregu- 
larities are  more  troublesome  to  the  miners  than  the  former,  because 
in  the  fii-st  the  coal  can  be  obtained  without  trouble  in  contending  with 
water,  but  in  the  latter  it  cannot,  sijiee  a  basin  instead  of  a  saddle  is  formed. 


Figure  107  belongs  to  the  class  of  irregularities  illustrated  in  105  and 
106,  but  is  the  result  of  quite  a  different  process,  and  is  peculiar  to  granitic 


or  \  olcanic  form  ition-i  In  the  Hu  hmond  co  il  field  in  intiLlm  il  ixis  is 
known  as  a  trouble  but  there  these  ixes  lie  loud  and  o;,cup>  shoit  line-, 
or  aie  -jntiilinal  cones  instead  ot  antitlinal  ridges 

The  illuatration  vie  gne  in  figute  107  is  from  the  Richmond  (Virgim'i) 
coai-field,  where  such  formations  are  frequent,  as  shown  in  the  sections 
accompanying  our  deacription  of  that  field.  There  is  not  much  evi- 
dence of  contraction  or  subsequent  crust-movement  in  the  Richmond  coal 
measures,  but  the  unequal  and  irregular  granite  base  upon  which  those 
measures  were  deposited  influences  the  strata  to  a  great  extent.  Though 
the  basins  are  frequently  over  a  thousand  feet  deep,  the  granite  peaks  pro- 
ject through  the  measures,  and  often  appear  at  tlie  surface.  Generally, 
however,  they  are  of  less  elevation ;  but  their  frequent  occurrence  seriously 
interferes  with  mining  operations.     We  have  known  several  instances  in 
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which  deep  and  costly  shafts  have  been  auiik  on  tJie  crown  or  apex  of  one 
of  those  "troubles,"  and  which  were,  consequently,  unavailable.  It  is  a 
very  difficult  matter  for  inexperienced  men,  or,  in  ^ct,  miners  generally,  to 
locate  properly  in  this  field  on  unexplored  lands.  But  an  anticlinal  always 
shows  its  dip  at  some  distance  from  its  axis ;  and  the  prudent  will  seek 
such  evidence  before  risking  years  of  labor  and  large  outlays  of  money. 

We  find  the  coal  in  those  deep  Richmond  basins  increasing  in  thickness 
towards  the  synclinal  axis,  or  both  the  sedimentary  deposits  of  arenaceous 
and  argillaceous  strata  and  the  coal  are  tliicker  in  the  basins  than  on  the 
dips,  while  on  the  troubles  or  anticlinals  there  is  scarcely  a  sign  of  coal, 
and  tlie  measures  are  correspondingly  thin.  The  inference,  therefore,  is 
that  the  present  is  their  original  and  normal  condition,  and  that  the  coal 
was  deposited  as  it  now  remains. 

It  is  natural  to  suppose  that  sedimentary  deposits  should  tend  to  the 
deepest  parts  of  a  basin ;  and  here  we  find  it  exemplified.  Were  the  pre- 
sent form  of  the  anthracite  basins  their  original  or  normal  condition,  we 
might  expect  to  find  nearly  all  our  coal  in  the  deep  basins ;  but,  as  such  is 
not  the  case,  we  find  the  best  and  most  productive  seams  in  moderate  or 
medium  basins,  rather  than  in  the  deepest. 


ROCK  FAULTS. 

Figure  108  illustrates  a  feult  fi-equently  met  in  all  coal-fields,  and  one 
common  to  the  anthracite  regions.  It  consists  of  a  stratum  of  slate  or  rock 
rising  from  the  bottom  and  ascending  diagonally  aerosa  the  coal  to  the  top, 
or  vice  versd.     This  is  a  troublesome  character  of  fault,  since  it  is  difficult 

Fia.  108. 


to  determine  whetlier  it  is  a  change  of  horizon  or  an  "  off-throw."  When 
it  comes  in  from  the  bottom  and  goes  out  at  the  top,  the  seam  is  below; 
but  when  it  comes  in  from  the  top  and  goes  out  at  the  bottom,  the  seam  ia 
above.  In  the  first  case  the  miner  digs  down  through  the  rock  or  slate  to 
the  coal,  and  in  the  latter  he  digs  up.  The  dimensions  of  these  feults  are 
various,  ranging  from  a  few  inches  to  several  yards,  but  they  are  never 
very  extensive ;  though  it  frequently  happens  that  hundreds  of  feet  are 
driven  through  them  in  search  of  the  missing  seam,  when  it  lies  but  a  few 
yards  off  in  a  parallel  course. 
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The  causes  of  these  faults  are  rather  obscure,  but  they  evidently  resulted 
from  some  commotion,  current,  or  force,  which  interrupted  the  regular 
course  in  the  formation  of  coal,  and  deposited  or  conveyed  an  extra  portion 
of  sedimentary  strata  to  sueh  localities.  An  explanation  of  figure  109 
may  convey  an  impression  of  this  process. 

Figure  109  represents  a  frequent  occurrence  in  the  anthracite  coal 
measures,  and  one  which  is  peculiar  to  nearly  all  coal-seams.  It  consists 
of  tile  enlargement  of  a  slate  parting,  which  may  or  may  not  belong 
naturally  to  the  seam;  but  it  generally  springs  from  a  natural  parting, 
perhaps  scarcely  perceptible  at  first,  but  gradually  increasing  in  thickness 


until  the  scam  becomes  parted  beyond  the  point  where  it  can  be  worked 
profitably  as  a  single  bed.  In  the  anthracite  regions  these  slate  or  rock 
partings  grow  from  east  to  west:  for  instance,  the  Buck  Mountain  seam 
is  thus  divided  by  slate,  which  increases  in  thickness  from  east  to  west, 
until  it  forms  two  distinct  beds;  and  the  Mammoth  is  likewise  divided 
into  three  large  and  separate  seams  in  the  same  manner. 

This,  we  think,  is  easily  accounted  for.  Though  the  aggregate  thickness 
of  the  sedimentary  strata  is  greater  in  the  east  than  in  the  west,  the  corre- 
sponding thickness  of  the  coal  is  much  greater.  The  causes  producing 
coal  were  more  active  and  constant  in  the  east  than  in  the  west :  while  the 
great  Mammoth  of  30  and  50  feet  was  in  process  of  formation  in  the 
deep  eastern  basins,  the  growth  or  formation  of  coal  was  interrupted  in  the 
western  portions,  and  sedimentary  strata  took  Us  place  for  a  season,  or 
until  the  process  could  be  restored.  As  a  general  rule,  we  find  both  tlie 
seams  of  coal  and  the  coal  measures  depreciating  in  a  westward  course, 
while  the  beds  are  frequently  split;  and  one  which  may  be  very  thick  in 
the  east  may  form  two  or  three,  which  may  be  very  thin,  in  the  west.  But 
there  are  also  local  cases  of  this  form  of  division  or  splitting  of  the  seams, 
originating,  generally,  from  some  band  or  stratum  of  slate  which  naturally 
exists  in  the  bed.  These  slate  bands  occasionally  enlai^e  and  form  a 
double  bed  from  a  single  one;  they  also  contract  and  form  a  single  bed 
from  a  double  one,  if  we  simply  trace  them  from  localities;  but  if  we 
follow  the  horizon  of  such  double  beds,  we  find  them  constantly  changing 
and  varying  in  their  distance  from  each  other.  The  cause  can  only  be 
accounted  for  from  the  fact  tliat  the  gro'.vth  of  coal  is  more  limited  in  one 
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locality  than  another,  and  that  the  sedimentary  deposits  are  much  thicker 
at  one  point  than  at  another.  As  explained  fully  in  Chapters  III.  and 
IV.,  we  believe  the  sedimentary  strata  of  tlie  PalEeozoic  formations  to  have 
been  derived  chiefly  from  volcanic  influences..  The  lava  of  volcanoes  on 
being  thrown  in  a  molten  state  into  the  waters  is  instantly  shivered  to 
atoms,  and  either  thrown  into  the  air  in  the  shape  of  ashes  and  sand,  to 
be  carried  by  winds  to  remote  parts,  or  is  disseminated  through  the  waters, 
and   carried   by  constantly  changing   currents   to  as   constantly  varying 

localities. 

Pia.  110. 


We  represent  in  figuie  110  three  fref[Uent  formi  of  "rock  faults," 
which,  as  tar  as  our  expenence  goes,  are  found  in  all  coal-fields.  They 
consist  of  narrow  walls  of  rock,  which  cut  the  seam  either  perpendicularly 
or  obliquely,  and  arc  from  one  foot  to  several  yards  in  thickness.  We 
find  them  extending  from  one  seam  to  another  through  the  measures, 
but  generally  only  a  short  distance  above  or  below  the  coal.  Tiiey  are 
like  small  trap  dikes,  but  are  invariably  a  coarse  sandstone,  having  no 
appearance  of  igneous  origin,  and  consequently  must  have  been  tlie  result 
of  sedimentary  deposit,  in  the  same  manner  and  at  the  same  time  with  the 
stratified  sandstones  of  the  coal  measures.  But  how  these  isolated,  narrow, 
and  singular  walls  of  rock  were  laid  in  long  lines  through  the  coal-seams 
cannot  be  satis&ctorily  explained. 

SLATE  FAULTS. 

Slate  faults,  as  represented  in  figure  111,  frequently  occur  in  the  Penn- 
sylvania anthracite  seams,  and  sometimes  iu  tlie  bituminous  coal-lieids  of 


the  West.  We  have  also  found  them  in  the  Richmond  and  New  River 
coal-fields  in  Virginia  and  elsewhere.  They  appear  to  be  normal  forma- 
tions, or  interruptions  to  the  growth  of  coal  in  its  original  formation,  and 


n  by  Google 


296  THE  ANTHEACITE   COAL-FIELDS    OP   PEKKSYLVAJilA. 

may  be  accounted  for  in  the  same  maimer  as  we  would  account  for  the 
increase  or  enlargement  of  the  slaty  partings  in  coal-sea.ms,  which  are 
sometimes  only  an  inch  in  thickness,  but  are  often  found  in  a  few  miles  to 
have  increased  to  several  feet;  in  feet,  these  dividing  slates  vary  from  an 
inch  to  40  feet, 

The  deposit  of  slate  which  we  represent  as  a  "slate  fault"  differs,  how- 
ever, from  slate  partings,  which  are  natural  and  to  a  certain  extent 
regular.  Slate  faults  are  interruptions,  and  fi^equently  occupy  the  entire 
seams;  but  generally  only  a  portion  of  the  seam  is  occupied  by  the  slate. 
The  extent  of  these  faults  is  variable, — sometimes  only  a  few  yards  in 
extent,  but  as  often  several  acres.  We  must  consider  them  local  interrup- 
tions to  the  coal  growth  or  formation. 

DIRT  OR  SOFT  FAULTS. 

There  is  not  much  difference  between  the  slate  fault  and  the  dtrtfauU. 
They  are  both  oi^anic  defects,  and  not  the  results  of  any  subsequent  action. 
The  dirt  fiiults  are  generally  more  extensive  than  the  slate  faults,  and  are 
almost  exclusively  confined  in  the  anthracite  regions  to  the  red-ash  seams, 


and  differ  from  the  crushed  faults — ^resulting  from  the  forces  of  lateral 
contraction — in  containing  no  available  coal.  These  faults  generally 
"come  in"  on  the  top,  and  gradually  increase  until  all  or  most  of  the  coal 
disappears,  and  go  out  on  top  in  the  same  manner,  with  an  enlargement 
of  the  coal  as  the  fauU  disappears. 

The  character  of  tliis  fsiult  is,  however,  variable,  and  its  forms  are 
changeable.  In  place  of  the  coal  we  find  a  soft,  carbonaceous  dirt,  of  a 
piumbageous  or  graphitic  appearance,  mixed  with  slate  or  shelly  coal,— 
always  one  or  the  other.  Some  feults  appear  as  if  their  carbon  had  escaped, 
as  we  find  displayed  in  the  outcrop  of  coal-seams, — the  "bloom"  or  black 
dirt  of  which,  though  a  part  of  the  bed  or  seam,  contains  no  coal,  until 
confined  and  covered  by  a  considerable  body  of  overlying  strata,  when  the 
coal  dirt  changes  to  coal  by  a  gradual  hardening.  In  other  "dirt  faults," 
where  the  slaty  principle  predominates,  we  would  assign  a  different  cause, 
much  the 'same  as  that  mentioned  in  connection  with  the  preceding  slate 
fault,  but  with  this  difference :— in  the  slate  faults  the  formation  or  growth 
of  coal  is  interrupted  to  the  extent  of  the  fault;  but  in  the  dirt  fault  the 
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growth  is  only  checked  and  partial,  and  mixed  with  impurities,  caused 
by  eurrents,  eddies,  or  some  commotion  of  the  watera  in  which  it  was 
formed. 

With  these  remarks,  we  must  close  for  the  present  this  short  chapter  on 
faults.  The  subject  demands  more  elaborate  treatment,  and  would  form  an 
interesting  subject  for  a  volume ;  but  time  and  space  admonish  brevity, 
and  we  can  only  promise  to  return  to  the  subject  on  some  otlier  occasion, 
if  opportunity  offer. 
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CHAPTER    XV. 

WESTERN  BITUMIKOrS  COAL-FIELDS. 

Broad  Top  Coal-Field — Its  Geological  Position  and  Cliaracter^ Vertical  Section  of  ihe 
Broad  Top  Measures— Identification  of  the  Coal-Beds — Tha  Buck  Mountain — Mammotli 
— Tbfl  Malioniag  Sandstone — Pittsburg  Bed — Freeport  Beds — Freeport  Limeatone — 
FeriferouB  Limestone — Iron-Ores  of  the  Coal-Fields— Estenl  and  Identity — Geological  and 
Topograph iotl  Position  of  Broad  Top,  and  Estent  of  tlie  Coal-Field — Eailrood  Connec- 
tions—Coal-Seams— Analysis  of  Coal— Sliipments  of  Coal— Names  of  Firms  and  Coal- 
Operators — Mining  Coal  and  Ventilating  Mines — Iron  Ores — Coke,  &u. 

BROAD   TOP   COAL-FIELD. 

\Ye  propose  to  include  this  small  coal-field  with  the  bituminous  rather 
than  the  anthracite  formations,  though  it  occupies  a  place  between  the  two, 
and,  strictly  speaking,  is  an  independent  field,  belonging  to  neither  the  one 
nor  the  other,  and  is  a  peculiar  semi-bituminous  coal-field.  Its  coal  is 
lustrous  in  appearance,  like  the  anthracite,  but  square-fractured,  like  the 
bituminous:  its  place  in  our  geology  identifies  it  more  nearly  with  the 
Western  formations  than  with  the  anthracite.  But,  however  we  assign  it, 
both  bituminona  and  anthracite  belong  to  the  great  Appalachian  basin,  and 
were  the  formations  of  the  sam^  era,  the  results  of  the  same  causes,  and 
found  in  much  the  same  conditions. 

The  Broad  Top  coal-field*  is  limited  in  area,  but  the  accompanying 
vertical  section  demonstrates  the  amount  of  coal  it  contains  to  be  in  excess 
of  the  same  area  in  any  other  outlying  basin  of  the  great  bituminous  forma- 
tion. It  contains  four  workable  seams  of  fair  dimenaions, — larger,  in  fact, 
than  the  general  size  of  the  bituminous  seams  in  other  regions. 

We  fail  to  find,  however,  the  "Big  vein"  of  Cumberland  and  the  Mam- 
moth of  tlie  anthracites;  but  the  place  it  should  occupy  is  filled  by 
two  seams,  evidently  synonymous  with  the  Mammoth,  which,  as  before 
observed,  splits  in  its  westward  course.  We  think  the  coal  presented  in 
figure  113  is  identical  with  the  white-ash  coal  of  the  anthracite  fields. 

*  We  have  clianged  the  position  of  tljis  coal-field  frem  the  map  furnished  us  by  (he 
Broad  Top  Railroad  Company,~plaoing  it  as  nearly  north  before  the  reader  as  possible. 
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In  this  sectioo  we  find  nu  1  fli    Itv      trac  ng  a  parallel       b  the  sections 


given  in  connection  with  the   anthracites,  or  of  identifying  the   seams, 
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1"  thnucrh  we   have   named   them,  perhaps,  differently.     A 

"*««*,    lb   un  loubtedly   the    counterpart  of   that    given    on   or 

^, ' ]    near  the  conglomerate  as  the  bottom  seam  in  the  anthra- 

^^__i"i^i=a  cite  regions  B  we  cannot  fail  to  recognize  as  the  Buck 
Mountain  bed;  while  the  next  overlying  seam,  which 
IS  oni\  one  foot  tliick,  must  be  C,  or  Gamma,  of  our 
nomenclafuie  It  is  always  a  small  seam,  seldom  work- 
able an  1  often,  even  in  the  anthracite  regions,  as  thin  as 
it  IS  here 
^"  "fcClXl  *-'  ^^  fio^'^  ll-^i  occupies  the  place  of  D,  and  is  really 
^7  ^^5n  *^6  Skidmore.  The  seams  marked  D  and  E  are  un- 
doubtedlj  the  Mammoth;  while  the  small  intermediate 
seiras  miy  be  splits  of  the  same,  or  leaders,  which  we 
often  find  m  the  same  ground  in  the  anthracite  regions. 

The  small  seam,  F,  above  the  Mahoning  sandstone — 
which  IS  here  25  feet  thick,  and  which  is  identical  with 
the  massi\  e  stndrook  always  found  between  E  and  F — is 
identictl  with  the  "Holmes."  It  overlies  the  Mammoth 
e\er>-where  in  connection  with  tlie  great  sandrock,  known 
m  the  y\  at  as  the  Mahoning  sandstone,  and  is  the  only 
regular  seam  to  be  found  in  the  "barren  measures."  It  is 
always  small,  seldom  exceeding  four  feet  in  the  anthracite 
rea;ions,  an  1  not  often  over  twelve  inches  in  the  bitumi- 
nous fields  It  overlies  the  great  bed  of  Karthause,  and 
unleihes  the  Pittaburg  seam  in  the  same  manner  as  it 
exi'it  "(bm  e  the  Mammoth  and  below  the  Primrose  in  the 
anthi  icite  measures. 

In  the  Broid  Top  region  the  great  Pittsburg  seam  is 
'Piund  on  the  higher  elevations,  but  too  near  the  tops  of 
the  mountains,  and  covered  by  too  small  an  amount  of  the 
c^erUing  measures  to  be  generally  workable.  We  have 
not  been  able  to  get  its  exact  position  and  dimensions,  but 
under  tand  its  place  to  be  about  400  feet  above  E,  which 
19  itiU  proper  position. 

The  following  brief  and  concise  account  of  this  coal- 
field IS  from   the   pen  of  John   Fulton,  Esq.,  the  able 
^     engineer  of  the  Huntingdon  &  Broad  Top  Railroad  Com- 
panj 

Note  — On  comparing  figure  113  with  118,  the  identity  of  the  Broad 
Top  meas  raa  wifh  the  AUegljany  coal  measures  nill  be  evident  and 
unmisiitliable  The  iron  ore  under  the  Mammoth  and  the  Freeport 
seama  is  i  lei  lioal,  and  the  position  of  the  Freeport  limeatone  ia  indi- 
cate 1  T  e  bel  of  iron  ore  near  li,  or  between  B  and  C,  is  not  located 
in  tt  s     e     on    but   in   other   sections   it  will  be  found.     It   oiiats 
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EEOAD   Tor   COAL-REGION. 

"The  Broad  Top  coal-region,  situate  in  Huntingdon,  Bedford,  and  Fulton 
counties,  occupies  a  peculiar  geological  position  amongst  the  coal-fields  of 
Pennsylvania.  Standing  between  the  anthracite  coal-fields  of  the  north- 
east and  the  great  bituminous  eoal-region  of  the  southwest,  its  coal  pos- 
sesses to  a  considerable  degree  the  qualities  of  both,  and  is  therefore  classi- 
fied as  a  semi-bituminous  coal.  The  region  is  detached  and  independent 
in  itself,  occupying  the  southern  end  of  the  great  synclinal,  in  the  northern 
end  of  which  the  Wyoming  coal-field  is  situated. 

"The  area  of  this  coal-field  has  been  variously  estimated,  ranging  from  40 
to  80  square  miles;  recent  developments,  however,  seem  to  indicate  the 
correctness  of  the  latter  estimate. 

"The  region  is  bounded  on  tho  west  by  Terrace  Mountain,  and  on  the 
east  by  Sidelong  Hill,  forming  at  the  northern  end  a  slender  synclinal 
prong,  resting  its  terminal  point  on  the  Juniata  River  below  the  town  of 
Huntingdon.  The  coal-field  widens  towards  its  southern  boundary  in 
Bedford  and  Fulton  counties,  ending  in  a  number  of  terminal  fingers.  The 
general  topographical  features  of  the  region  are  similar  to  those  of  the 
anthracite  coal-fields, — greatly  modified,  however,  in  the  ease  of  Broad 
Top. 

"  The  great  coal-plateau  (from  which  the  name  Broad  Top  is  derived)  is 
situated  between  Trough  Creek  on  the  north  and  Ground  Hog  Valley  on 
the  south. 

"The  coal  measures  are  regular  in  structure,  with  gentle  w&ve  undula- 
tions, dividing  the  field  into  several  synclinals  or  basins. 

"The  Raystown  branch  of  Juniata  River  flows  along  the  western  flank 
of  the  coal-field,  winding  circuitousiy  through  the  Umbral  red  shales,  Ves- 
pertine and  Ponent  sandstones,  and  Vergent  slates,  which  form  the  western 
escarpment  of  the  region. 

"The  construction  of  the  Huntingdon  &  Broad  Top  Mountain  Railroad 
was  mainly  intended  to  develop  ^he  coal-field.  The  line  of  the  railroad 
begins  at  Huntingdon  (where  it  connects  with  the  Pennsylvania  Railroad 
and  Canal),  and  follows  up  the  valley  west  of  the  Raystown  Juniata  until 
it  reaches  Stonerstown  and  Sajtton,  where  it  crosses  this  river  and  continues 
along  its  eastern  side  to  its  terminus  at  Hopewell,  where  it  connects  with 
the  Bedford  Railroad,  extending  the  rail  line  to  Bloody  Run,  43  miles 
from  Huntingdon. 

"The  Juniata  River  and  Broad  Top  Railroads  form  a  base-line  to  the 
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r^on.  The  eoal-field  is  trenched  transversely  to  this  base  by  three 
streams  (tributaries  to  the  Juniata),  exposing  along  their  slopes  the  out- 
crops of  the  coal-seams,  along  which  the  collieries  are  located.  The  three 
branches  of  the  railroad  (Shoup's  Eun,  Six  Mile  Kun,  and  Sandy  Run) 
have  been  constructed  in  the  valleys  of  these  streams,  connecting  with  the 
main  road  at  Saxfon,  Eiddlesbui^,  and  Hopewell,  over  which  the  coal  is 
carried  to  Huntingdon,  where  it  is  delivered  on  the  Pecusylvania  Railroad 
track  or  dumped  over  schutes  into  canal-boats. 

"The  aggregate  thickness  of  the  workable  coai-seams  of  the  region  is  26 
feet.  A  reference  to  the  columnar  section  will  show  their  order  and 
arrangement.  The  Broad  Top  coal  has  long  been  known  as  the  best  fuel 
for  blacksmi thing  purposes,  and,  since  the  completion  of  the  railroad,  has 
taken  an  enviable  position  in  market  as  ihs  fuel  for  generating  steam  in 
locomotive,  marine,  and  stationary  engines.  Its  use  in  rolling-mills,  putV- 
dling-fnrnaces,  forge-fires,  &c.  has  been  eminently  successful.  It  is  a 
white-ash,*  free-burning  coal,  easily  ignited,  and  makes  a  cheerfiil  fire  in 
gj^tes  or  stoves,  leaving  little  residuum. 

ANALYSIS   OF   BROAD   TOP   COAL,   BY  W.  n.  ROEPPER,  MAY,   1864. 
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"The  railroad  was  completed  in  1856,  and  during  the  latter  portion  of 
that  year  42,000  tons  of  coal  were  sent  to  market. 

STATEMEHT  SHOWING  ANNUAL  SHIPMENTS  FROM  THE  BROAD  TOP  BEGIOH, 
FROM  ITS  OPENING  IN  1856  TO  1864  INCLUSIVE. 


1856 42,000  tc 

1857 78,812 

1858 105,478 


I  1862 834,135  tOM. 

1868 305,687     " 

1864 38S,645     " 


■  Tho  fact  of  Uie  Broad  Top  eoal  being  white-ash  is  an  eTidenoe  of  its  identity  with  th« 
white-ash  coals  of  the  anthraeito  regions.  The  ash  produced  by  B  has  not  been  particu- 
larly not«d.     This  Beam  almost  inyariably  produces  reil-aah  from  its  lower  benches. 
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STATEMENT  SHOWING  THE  NUMBER,  LOCATIOS,  AND  NAMES  OF  COLLIERIES 
Of   THE   REGION,  WITH   NAMES   OF   OWNERS  AND   OPERATORS. 
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"111  addition  to  the  above  25  shipping  c»lhene<i,  ee^e^al  new  mines  are 
being  opened.  The  Broad  Top  Coal  &  Iron  Companj  aie  opening  i  col 
Hery  up  Coal  Creek,  two  miles  soutli  of  Coalmont  the  Huntingdon  & 
Broad  Top  Railroad  Company  are  opening  a  colliery  near  Crawford;  the 
Eiddlesborg  Coal  &  Iron  Company  are  opening  a  colliery  opposite  their 
Mount  Equity  colliery  on  Six  Mile  Bun.  The  three  branches  of  the  rail- 
road can  be  extended  and  new  collieries  opened  as  the  increase  of  business 
may  require.  The  shipnients  of  the  region  have  thus  far  been  retarded  by 
the  inadequate  supply  of  cars  furnished  operators  by  connecting  roads. 

"  The  workings  of  all  the  collieries  of  the  region,  excepting  Dudley  Slope, 
Scott,  and  Duvail  shafts,  are  above  water-level,  worked  by  adits  or  gang- 
ways driven  into  the  hillsides  in  the  coal-seam.  From  the  gangways 
headings  are  driven, — generally  up  the  dip, — from  which  ranges  of  rooms 
are  laid  off:  each  room  is  27  feet  wide,  with  10  to  15  feet  of  coal-pillar 
between.  Two  miners  work  in  each  room,  averaging  3  tons  each  per  day. 
The  mine-cars,  carrykig  2  tons,  follow  the  miners  up  the  middle  of  each 
room. 

"All  slate,  whether  free  from  roof  or  floor,  is  separated  from  coal  before 
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loading  into  the  mine-car,  so  that  nothing  is  sent  out  of  the  mine  which 
cannot  be  dumped  into  railroad-cara  and  sent  to  market.  15  to  20  per 
cent,  is  usually  allowed  in  estimating  loss  of  coal  in  pillars  and  waste  in 
mining.  This  expresses  the  whole  loss,  being  the  distinctive  feature  between 
the  bituminous  and  anthracite  coal- working.* 

"  As  no"  gases  are  libei'ated  in  working  the  coal,  the  means  of  ventilation 
are  simple.  The  main  object  kept  in  view  is  to  conduct  a  sufficient  supply 
of  pure  air  through  the  mine  in  order  to  displace  the  vitiated  air  wheiii 
the  miners  are  at  work.  This  ia  accomplished  by  natural  means,  the  cur- 
rents of  air  being  produced  by  the  difference  of  density  between  the  air  of 
the  mine  and  that  of  the  atmosphere,  motion  being  communicated  by  the 
difference  in  altitude  between  the  mine-shaft  and  the  mouth  of  the  adit  or 
gangway. 

"  The  valley  west  of  the  Broad  Top  coal-field  and  railroad,  stretcliing 
along  the  eastern  base  of  Tussey  Mountain,  abounds  in  rich  deposits  of 
superior  hematite  and  fossiiiferous  iron  ores,  producing,  when  smelted,  tlie 
celebrated  'Juniata  iron.'  The  outcrops  of  these  deposits  have  been 
traced  from  MeConncllstown,  in  Huntingdon  county,  to  beyond  Bloody 
llun,  in  Bedford  county,  a  distance  of  over  40  miles. 

"A  furnace  was  put  in  blast  at  Hopewell  in  September,  1863,  receiving 
its  ore  from  an  open  quarry  of  hematite,  15  feet  thick,  near  Bloody  Run, 
and  carried  over  Bedford  Railroad.  The  fossiiiferous  seams  are  3  and  5 
feet  thick :  the  latter  is  the  soft  quality,  and  similar  to  the  Montour  ore. 

"Considerable  and  deserved  attention  is  now  being  paid  to  the  iron  ores 
of  the  region,  and  explorations  in  progress  are  developing  new  deposits. 
I^arge  quantities  of  the  fossiiiferous  ore  are  being  shipped  from  Pleasant 
Grove  station  to  Danville  for  the  Montour  Iron  Works,  and  from 
Marklesby  station  for  Conemaugh  Furnace.  When  it  is  considered  that 
the  Broad  Top  coke  has  been  found  on  trial  to  be  a  superior  fuel  for 
smelting  these  ores,  it  is  singular  that  this  extensive  source  of  mineral 
wealth  should  have  so  long  esea,ped  the  eagle  eye  of  capital  in  a  region 
possessing  railroad  facilities  and  abounding  with  all  tlie  elements  required 
for  its  successful  manufacture. 

"John  Fulton, 
"Redrknt  Civil  &  Mining  Engineer-  H.  &  B.  T.  R.  R.  &  C.  Co. 

*  If  tliB  common  modo  of  "pillar  and  breast"  is  made  use  of,  as  wc  suppose,  there  ifi 
some  error  in  this  estimate.     The  lusa  must  be  greater. 
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CHAPTER    XVI. 

THE  GREAT  ALLEGHANY  COAL-FIELD. 

Anthracite  ond  Bituminous — Connecting  Coal  Formations — Detaolied  Coal  Deposits — 
Ralston,  Blossburg,  and  Barclay  Basins — North  Mountain  Coal-Field — Forests — Oil 
Territory — Vertioal  Section  through  fie  North  Mountain  Coal  Measures — Identity  of 
Coal-Bede — Barclay,  or  Towanda  Coal-Field — Diiisjon  of  the  Coal-Beds — Vertical  Section 
tlirough  the  Barclay  Coal  Measures — Character  of  Coal — The  Balston  Coal-BasiiiB — 
Vertical  Section — The  Bloaeburg  Coal-Basina — Vertical  Section — Identity — Morris  Bed 
— Visit  to  the  Blossburg  Mine — "  Long  Wall"  Advancing— M  odea  of  Mining — RelatiTeCost 
— Production  of  the  Blossburg  Mines — Philadelphia  &  Erie  Railroad — Coa!,  Lumber, 
Oil,  and  Salt— Grades,  &c. 

In  order  to  trace  a  connectioQ  between  the  anthracite  and  bituminous 
fields,  we  propose  to  devote  a  few  pages  to  the  connecting  or  intermediate 
basins  or  bodies  of  coal  which  exist  as  outlying  patches  along  the  north- 
eastern margin  of  the  Great  Alleghany  field.  Those  deposits  are  nume- 
rous and  frequently  small,  and  are  scattered  through  a  great  extent  of 
country,  along  the  head-waters  of  the  Susquehanna,  Juniata,  and  the 
Alleghany  Rivers.  We  do  not  propose  ta  notice  them  all.  It  would  re- 
quire more  time  and  space  than  can  be  spared ;  and,  under  present  circum- 
stances, such  a  description  would  be  neither  profitable  nor  interesting.  We 
shall,  therefore,  confine  ourselves  to  the  northeastern  basins,  or  those  lying 
between  the  bituminous  and  anthracite  fields. 

Those  small  and  detached  bodies  of  coal  all  belong  to  the  Great  Alle- 
ghany formations  proper,  and  exist  on  the  high  western-dipping  plateau 
peculiar  to  that  great  basin.  They  were  originally  part  of  one  great  and 
unbroken  coal-field.  Their  present  isolated  condition  is  due  to  denudation ; 
and  the  deep  valleys  which  separate  them  are  invariably  the  beds  of  the 
present  water-courses,  cut  into  the  soft  red  shale,  but  seldom  below  it. . 

Figure  114,  from  Taylor's  Statistics  of  Coal,  Is  so  nearly  correct  that  wc 


introduce  the  original  figure  here,  having  purchased  the  right  from  Mrs. 
Taylor,  not  only  to  this  engraving,  but  to  all  others  which  may  be  made 
use  of  from  that  work. 
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The  relative  distance  between  tliose  basins  is  perhaps  contracted.  The 
iDtention  is  to  convey  an  impression  of  the  general  character  of  those  out^ 
lying  patches,  rather  than  their  relative  or  exact  positions.  The  left-hand 
ba-sin  is  that  of  Ealston,  and  the  right  the  Elosaburg  basin.  They  are 
separated  by  the  valley  of  Lycoming  and  Towanda  Creeks,  which  is  over 
1000  feet  below  the  level  of  the  coal.  The  basing  of  the  "North  Moun- 
tain" and  the  Barclay  coal-field  occupy  much  the  same  position  in  regard 
to  each  other,  and  may  be  represented  by  the  same  illustration;  though 
these  latter  formations  are  east  of  the  former,  and  separated  by  a  greater 
denuded  space. 

The  detached  coal-basins  along  the  line  of  the  Philadelphia  &  Erie 
Railroad,  and  the  Lock  Haven  &  Tyrone,  are  similar  in  character  and 
general  formation, — always  existing  on  tlie  tops  of  the  mountains,  and 
always  separated  by  deep  valleys  cut  in  the  red  shale  or  the  soft  rocks 
which  are  subordinate  to  the  conglomerate,  while  the  conglomerate  itself, 
whidi  caps  the  mountains  and  holds  the  coal  as  it  were  in  its  hollows, — 
always  in  basin-shape, — is  cut  again  into  numerous  smaller  patches,  as  re- 
presented in  figure  114,  by  the  smaller  water-courses. 

All  this  north  and  northeastern  portion  of  the  Great  Alleghany  forma- 
tion was  originally  a  vast  level  or  slightly  undulating  plain,  dipping 
gently  to  the  west  and  southwest,  and  covered  with  an  tiubroken  coal-field, 
which  contained  all  the  seams  peculiar  to  our  white-ash  series,  or  below 
the  "  barren  measures."  In  ^t,  it  was  part  and  parcel  of  the  Great  Alle- 
ghany coal-field,  as  originally  formed,  and  has  only  been  separated  from 
this  great  body  by  the  forces  of  the  rushing  waters  which  have  so  mate- 
rially changed  the  topographical  features  of  Northeastern  Pennsylvania. 

THE   NORTH   MOUNTAIN   COAL-FIELD. 

This  coal  deposit  lies  in  portions  of  Sullivan,  AVyoming,  and  Luzerne 
counties.  The  formation  is  comparatively  extensive,  though  the  amount 
of  available  coal  is  limited.  It  consists  of  a  wide  area  or  plateau  of  con- 
glomerate, with  small  bodies  or  patches  of  coal  scattered  over  it,  occasion- 
ally presenting  available  basins  of  excellent  coal,  but  more  generally  con- 
taining only  the  lower  bed  A,  which  has  been  preserved  on  account  of  its 
position  in  the  conglomerate,  while  the  overlying  scams  have  been  washed 
away  by  the  denuding  waters. 

The  entire  area  of  this  elevated  region,  lying  between  the  waters  of  the 
north  and  west  branches  of  the  Susquehanna,  and  drained  by  the  waters  of 
Bowman's  Creek,  Mal^oopany,  Loyal  Lock,  and  Pine  Creeks,  is  not  less 
than  500  square  miles  in  extent.  Though  lying  in  the  midst  of  a  popu- 
lous region,  surrounded  by  fest-growing  cities  and  towns  and  encircled  by 
railroads  and  canals,  it  is  still  a  ierra  incognita,  generally  speaking,  and 
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known  to  but  few,  and  to  those  few  unfavorably.  Perhaps  tlio  only 
parties  to  apoak  in  its  favor  are  the  hunters  and  anglers  who  still  find 
sport  in  its  deep  forests  and  pure  mountain-streams.  The  hardy  pioneers 
who  have  repeatedly  ti-ied  to  win  a  home  from  the  cold  and  frosty  soil  have 
found  their  labor,  patience,  and  perseverance  only  rewarded  by  poverty, 
privation,  and  loss.  'Many  have  been  disappointed  in  their  hopes  and  ex- 
pectations based  on  the  level  beach  ridges  and  the  wide  mai-shes  of  this 
upland  region.  The  soils  appear  deep  and  rich ;  but  they  are  cold  and 
elayish,  and  will  not  produce  grain  without  an  abundanee  of  lime ;  though 
the  grasses  flourish  luxuriantly.  But,  like  the  poor  settlers  of  Venanf'o, 
the  pioneers  of  the  North  Mountain  have  been  rolling  among  the  unlimited 
wealth  of  the  mineral  kingdom  without  knowing  it,  or  without  the  abiiiiy 
to  profit  by  it. 

The  magnificent  forests  which  are  or  will  be  worth  ten  times  the  mere 
value  of  the  soil  for  agricultural  purposes,  they  cut  down  and  burned, 
with  immense  labor,  and  depreciated  the  value  of  the  land  as  the  rewartl 
of  their  toil.  Situated,  as  this  region  is,  in  the  midst  of  or  iu  close  vicinity 
to  the  great  mining  districts,  where  such  vast  quantities  of  lumber  are  used, 
it  cannot  fail  to  become  of  great  value  for  its  timber  alone,  as  most  of  the 
available  timber  in  the  surrounding  country  is  gone,  or  fast  disappearing. 
Those  deep  and  magnificent  forests  must,  therefore,  soon  realize  their  pi-oper 
value,  and,  instead  of  being  burned  with  incredible  labor  by  the  pioneei-s, 
tliey  will  yield  tiieir  wealth  to  the  lumberman  and  the  tanner. 

This  is  perhaps  the  largest  and  least  broken  of  the  outlying  patehes  of 
the  Alleghany  formation,  and  in  its  geology  and  topography  reminds  one 
forcibly  of  the  great  oil-regions  of  Northwestern  Pennsylvania.  Though 
no  efforts  have  been  made  to  develop  it,  and,  we  believe,  but  little  attention 
paid  to  the  subject,  we  think  we  hazard  nothing  in  claiming  for  this  region 
an  oil-producing  territory  at  the  head  of  its  streams  and  within  the  central 
basins.  The  position  of  the  upper  or  "heavy  oils"  ought  to  be  reached  at 
moderate  depth,  because  its  place  is  immediately  below  the  great  con- 
glomerate; but  the  reservoirs  of  light  oils  must  lie  very  deep,  because  they 
are  below  the  red  shales,  yet  may  be  reached  in  the  valleys.  The  thickness 
of  the  strata,  however,  must  be  great  between  the  heavy  and  light  oils  in 
this  region,  since  the  red  shale  and  the  rocks  immediately  below  it  are 
much  thicker  here  than  in  Western  Pennsylvania:  there  their  existence  is 
doubtful,  except  to  a  limited  extent;  while  here  they  are  several  thousand 
feet  in  thickness,  according  to  the  general  order  in  the  thinning  or 
depreciation  of  the  strata  from  east  to  west. 

VERTICAL  SECTION,  NOETH  MOUNTAIN  COAL  MEASURES. 

Figure  115  is  a  vertical  section  of  the  measures  in  the  principal  body  of 

coal  lying  within  the  area  described,  and  near  where  the  Berwick  turnpike 
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crosses  the  Loyal  Lock,  east  of  Old  Shinarsville.  The  lower  bed,  A,  in 
this  basin  may  extend  over  an  area  of  3000  acres,  but 
the  upper  bed,  E,  does  not  occupy  one-third  of  that 
area.  The  basin  is  limited,  but  the  coal  is  good,  and 
closer  to  the  antliracite  in  character  than  any  other  de- 
posit of  the  Alleghany  formations.  It  ia  bituminous  in 
fracture  and  appearance,  but  nearly  anthracite  in  cha- 
racter and  constituency,  and  contains  nearly  90  per 
cent,  of  carbon. 

In  figure  115  we  find  a  close  resemblance  to  the 
anthracite  measures,  and  a  perfect  identity  of  the 
^^^^^^mm  seams,  as  a  connecting  link  between  the  two  forma- 
^HH^BI  tions.  This  is  the  most  eastern  of  the  Alleghany 
basins,  and  the  nearest  to  the  anthracite  fields.  It  is, 
beyond  doubt  or  question,  part  of,  and  was  once  con- 
nected with,  the  great  Alleghany  field ;  consequently, 
we  need  not  seek  for  proof  to  identify  the  seams,  be- 
cause, if  the  measures  belong  to  that  great  field,  the 
seams  must  also  belong  to  it,  and  though  they 
may  change  in  size  and  relative  distances,  they  will 
always  occupy  their  proper  place  in  relation  to, each 
other. 

Our  object  now  ia  to  identify  this  formation  with  the 
anthracite  formations,  and  prove  the  identity  of  the 
respective  seams;  and,  having  done  this,  we  submit 
that  the  question  of  identity  may  be  settled  as  a  general 
application,  though  we  may  find  difficulty  in  tracing 
the  seams  through  all  their  changes  throughout  the 
Western  coal-fields.  This,  however,  we  believe  can  be 
done,  and  we  expect  to  do  it  satisfactorily. 

Those  who  have  followed  us  in  our  descriptions  of 
the  anthracite  fields,  and  observed  our  vertical  sections 
of  the  respective  regions,  will  at  once  recognize  A,  in 
figure  115,  a9  synonymous  with  A,  or  Alpha,  in  those  regions.  Here  it 
existe  in  the  conglomerate,  and  ranges  from  18  inches  to  four  feet  in  thick- 
ness, and  is  found  over  a  large  portion  of  this  field  in  detached  deposits, 
but  only  occasionally  overlayed  with  the  upper  seams.  "We  think  this 
seam  occupies  at  least  ten  times  the  area  of  the  next  overlying  seam,  and 
perhaps  a  hundred  times  the  extent  of  the  upper  seam,  E.  The  coal  of  A 
is  generally  bright,  pure,  and  excellent  for  smiths'  purposes  towards  the 
centre  of  the  field,  but  is  dull  and  impure  towards  its  margin  to  the  east. 

Immediately  above  A,  and  only  separated  by  20  or  30  feet  of  coarse 
sandstones  and  slates,  is  B,  or  the  Buck  Mountain  bed,  which  is  a  persistent 
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seam,  and  is  as  extensive  as  the  coa!  measures.  It  is  the  Blossburg  and 
Ilalston  working  bed,  and  is  generally  good  and  productive,  though  liable 
to  frequent  changes.  C,  or  "Gamma,"  occupies  its  proper  place,  and  exists 
in  its  usual  size  and  character.  It  is  thin  here  as  in  the  Broad  Top  coal- 
field and  elsewhere. 

D,  or  the  Skidmore,  holds  its  proportion  in  comparison  with  the 
accompanying  seams,  and  occupies  its  proper  place  in  the  measures ;  though 
the  whole  distance  from  A  to  E  is  not  greater  here  than  the  distance  in 
some  of  the  anthracite  basins  from  D  to  E, — yet  the  depreciation  of  the 
intervening  strata  is  general  and  uniform. 

E  is  the  Mammoth  beyond  doubt,  and  presents  its  character  both  in 
structure  and  character,  as  well  as  its  position  in  the  measures.  It  is  a 
large  bed,  resembling  closely  the  "Big  vein"  of  the  Cumberland  region, 
and  is  rarely  met  with  in  the  outlying  patches  of  the  AUeghanies.  We  have 
been  at  some  bouble  and  expense  in  personally  investigating  this  inter- 
mediate coal  deposit,  for  the  purpose  of  following  closely  the  change  from 
anthracite  to  bituminou",  and  obtaming  a  connecting  link  to  identify  the 
seams.  We  submit  the  result  confidently,  as  the  best  evidence  of  the  eor- 
a  of  our  propositions. 


BAKCLAT,  OR  TOWANDA  COAL-FIELD. 

The  Barclay  coal-iield  lies  about  20  miles  in  a  direct  line  northwest  of 
the  North  Mountain  coal-field,  and  in  the  second  basin  northwest  of  the 
Alleghany  escarpment, — as  the  North  Mountain  is  the  first,  and  lying 
immediately  along  its  first  plateau. 

The  Barclay  consists  of  numerous  small  patches  of  coal,  lying  on  the 
eastern  branches  of  Towanda  Creek,  and  covering  an  area  of  about  100 
square  miles;  but  of  this  area  not  over  10  square  miles  is  productive  of 
workable  coal.  Most  of  the  productive  formation  has  been  denuded, — the 
streams  having  cut  even  through  the  red  shale  in  many  places;  but 
throughout  the  area  of  100  square  miles  the  upper  and  lower  conglomerate 
forms,  perhaps,  the  lai^est  portion.  In  the  hollows  of  the  conglomerate 
the  coal  deposits  have  been  preserved,  as  before  stated,  in  patches,  and  as 
represented  in  figure  114. 

This  is  the  extreme  northeastern  portion  of  Ae  second  Alleghany  basin, 
and  a  continuation  of  the  Ealston  basin,  which,  to  the  southwest,  forms 
the  Farrandsville  and  Snow-Shoe  basins,  and  continues  by  Ebensburg, 
Johnsto^vn,  &c.,  as  the  first  basin  west  of  the  AUeghanies;  that  is,  the 
first  or  North  Mountain  fonnation  ceases  opposite  Williamsport,  and 
does  not  cross  the  west  branch  of  the  Susquehanna  River.  A  deflection 
of  the  North  or  Alleghany  Mountains  to  the  west,  as  far  as  Lock  Haven, 
removes  the  Alleghany  escarpment  between  20  and  30  miles  w(^st  of  the 
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line  of  the  North  Mountain,  which  forma  its  escarpment  north  of  the 
west  bran(;li,  and  between  the  west  and  north  branches  of  the  Susquehanna. 
Tlie  consequent  result  is  that  the  first  Alleghany  coal-basin  ceases  before 
i-eaching  the  west  branch,  and  the  second,  or  Barclay  basin,  becomes  the 
first  basin  south  of  the  west  branch,  and  continues  as  such  into  Maryland, 
where  the  Cumberland  basins  arise  to  the  east  and  become  the  first  Alle- 
ghany formation.  And  here  we  may  call  attention  to  the  fiict  that  the 
Cumberland  basins  represent  the  same  position  in  relation  to  the  anthracite 
formations  that  the  first  or  North  Mountain  basin  holds.  It  may  be 
noticed  further  on  that  the  Cumberland  coal  measures  are  closely  identified 
with  the  anthracite. 

In  the  second  basin,  or  the  basins  west  of  the  North  Mountain  and 
Cumberland  basins,  the  main  seams  are  divided,  and  form  numerous  small 
seams,  but  holding  a  close  resemblance,  nevertheless,  and  presenting  unmis- 
takable evidences  of  identity.  When  the  beds  are  divided  into  nume- 
rous tliin  strata,  the  intervening  space  is  generally  partially  filled  with  fire- 
clay and  thin  slates,  denoting  the  general  quiet  which  prevailed  while  the 
coal  formation  continued  uninterrupted  in  otlier  quarters.  The  causes  to 
be  assigned  for  the  interruption,  in  such  cases,  undoubtedly  resulted  from 
an  insufficient  depth  of  water,  or,  in  other  cases,  an  excessive  depth :  eitlier 
cause  is  sufficient  to  account  for  deficient  beds,  as  is  demonstrated  in  tlie 
numerous  coal-basins  which  we  have  explored.  For  instance,  the  deep 
basins  of  Pottsville  present  the  lower  beds  in  thin,  divided  seams,  while  at 
the  extremities  of  the  same  field,  where  the  basins  must  have  been  of  mode- 
rate depth,  the  scams  are  largely  increased ;  but  invariably,  where  there 
exists  evidence  of  a  very  shallow  basin  and  the  absence  of  the  upper  seams, 
the  beds  are  thin  and  divided  by  numerous  strata  of  slates  and  shales. 

A  section  of  the  Barclay  basin  presents  a  general  resemblance  to  that 
represented  in  figure  115,  with  the  difference  only  of  a  division  of  the 
principal  seams;  and  yet  they  are  leas  "split  up"  than  ferther  west.  We 
invite  attention  to  this  subject,  since  it  leads  directly  to  the  conclusion  for- 
merly advanced  of  a  division  of  the  principal  white-ash  beds  in  a  western 
direction, — a  het  which  the  evidence  demonstrates. 

NoTB. — Our  readers  hare  noticed  that,  we  used  tlie  word  "yem"  inateftd  of  "aeam"  or 
"bed"  in  the  anthracite  regiona  as  the  local  name  of  the  coal-strata.  We  admit  this  to  be 
a  mianomei";  but  the  habita  or  customs  of  a  trade  or  profession  warrant  the  use  of  such 
technical  phrases  as  have  been  adopted  by  them.  The  anthracite  miners  inyariubly  oiiU 
the  coal-beds  "Teins,"  though,  strictly  speaking,  veins  are  never  stratified,  hut  refer  to 
mineral  veina  or  lodes  which  traverse  the  gneisa  or  granite  rooks  without  regard  to  slraii- 
lication  or  cleavage. 

In  future  we  shall  use  the  proper  names  to  distinguish  the  coal-atrafa,  either  as  beds  or 
aeama,  since  the  term  vein  ia  not  used  outside  of  the  anthracite  regions  in  reference  to  the 
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n  at  the  Barclay  Mines. 
Feet     InLheB. 


Sorface  soil 
Sand&tone 


Sandstones,  shale,  and  ore 50 

Coal 3 

Sandatoae 31 

Coal 3 

Sandstonea,      shalea,      fire-clay, 

iron,  &c ^ 100 

Coal t 5 

Conglomerate  and  sandstone 20 

Coal 2 


Coal 3 

Slate....  0 

Coal 1 

Slate....  0 
Coal 3 


The  Barclay  coal  makes  an  excellent  steam-fiiel.  It  is  a  dry  biturainous, 
cokea  with  difficulty  or  not  at  all,  and  contains  but  a  small  amount  of 
bitumen  and  but  little  impurity.  Wo  should  judge  it  to  be  a  good  fumacc- 
coal,  particularly  that  of  bed  B,  or  the  lower  lai^e  -workable  seam,  and 
that  it  might  be  uaed  raw  in  the  blast  furnace. 

The  coal  ia  mined  with  much  ease,  though  not  on  the  most  economical 
plan.  The  size  of  the  seams,  the  character  of  the  top  rock,  and  the  abun- 
dance of  timber,  all  point  out  the  "  long  wall"  advcmcing  as  the  true 
and  most  economical  method  in  all  such  localities  above  water-level. 

The  Barclay  mines  are  located  about  16  miles  southeast  of  Towanda; 
and  a  railroad  of  that  length  connects  the  mines  with  the  North  Branch 
Canal  at  Towanda.  The  market  for  the  Barclay  coal  is  extensive,  and 
rapidly  increasing  in  the  Northwestern  cities  and  manufiictories.  It  is 
available  for  most  purposes  for  which  anthracite  is  uaed,  and  ia  also  appli- 
cable in  place  of  the  richer  bituminous  in  many  cases.  By  good  manage- 
ment the  Barclay  mines  ought  to  be  very  remunerative  to  the  operators. 
There  is  a  drawback,  however,  in  the  uncertainty  of  canal  navigation,  and 
the  interruption  in  winter.  A  railroad  is  much  needed  up  the  north  branch 
of  the  Susquehanna,  for  the  development  of  the  resources  of  this  peculiar 
region,  and  the  transportation  of  its  coal,  timber,  &c.  Yet  the  energy  and 
enterprise  which  made  the  Delaware  &  Hudson  Canal  Company — one  of 
the  most  successful  of  our  coal  companies — would  effect  the  same  thing  for 
the  Barclay  Coal  Company.  Coal  enough  might  be  transported  during 
the  summer  to  supply  the  eonsumcra  of  the  Barclay  coal  during  the  winter. 
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THE   RALSTON   BASINS. 

This  is  a  continuation  of  the  Barclay  basin,  and  consists  of  a  few  small 
patches  of  the  eoal  measure,  containing  only  the  lower  beds,  which  arc 
much  divided  or  "  split  up"  by  intervening  slat«9  and  fire-elays.  We  give 
a  section,  to  show  the  change  of  the  measures  in  the  second  basin. 

Section  at  the  Ralston  Mines. 

Feet.     Inches.  Feet. 

Slat«a  and  sandstones 20 

Coal,  0 1 

Slates  and  sandstonea 30 

fCoal 2         0   "1 

I  Flre-ckj 3         0 

Slate 4         0     I  „„, 

Coal 3.       0     f ^^^ 

Kre-clay 10        0 

[Coal 1         6    J 

Slates  and  sandstones 30 

fCoal 1 

Slatca,  &c 10 

Coal,A \  Coal 1 

Shale 4 

[Coai 0 

CoDglomerate 10 

The  heavy  sandstones  dividing  these  seams  are  consistent  with  their 
position  in  other  localities,  while  the  series  of  thin  slates,  firo-clays,  &c. 
dividing  the  seam  itself  are  uniformly  consistent  with  the  slaty  division 
occasionally  found  in  the  same  seams,  even  when  solid  to  all  appearance. 
The  partings  are  nearly  always  to  be  seen,  but  of  smaller  dimensions  where 
the  seams  arc  compact. 

THE   ElOSSBURQ   BASIN. 

This,  as  before  observed,  is  nearly  west  of  the  Barclay  and  Ralston,  and 
is  the  northwestern  extremity  of  the  third  Alleghany  basin.  The  coal  here 
contains  more  bitumen  than  the  Barclay,  but  still  is  classed  among  the  dry, 
free-burning,  bituminous,  or  steam  coals. 

The  Blossburg  mines  are  located  in  Tioga  county,  Pennsylvania,  and 
are  about  40  miles  east  of  Corning,  on  the  York  &  Erie  Railroad,  with 
which  they  are  connected  by  rail.  The  location  of  this,  the  third  basin, 
is  about  ten  miles  northwest  of  the  second  basin  at  Ralston. 

Like  all  other  detached  basins  of  the  Alleghany  coal-field,  this  is  an 
assemblage  of  coal  deposits,  separated  from  each  other  by  deep  erosions, 
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but  forming  part  and  parcel  of  the  great  original  coal-fieM  which  once 
existed  unbroken  throughout  this  vast  region,  now  broken  into  detached 
basins  and  elevated  plateaus  by  the  denuding  action  of  water.  The  area 
occupied  by  this  portion  of  the  third  basin  is  probably  about  50  square 
miles,  of  which  one-half  may  contain  tlie  lower  seams. 

Section  at  the  Bhssburg  Mines. 


Feet 

InohP' 

Feet, 

Inch 

Coal 

3 

"     1 

Slates,  &c 

20 

0 

E  

28 

0 

Coal 

6 

0   j 

Sandstones 

40 

0 

Coal 

2 

b 

B   

2 

6 

Sandstones  and  slates 

30 

0 

Coal 
Fipe  day 

1 
3 

0    1 

C  

4 

6 

Slates 

Coal,  Moms  bed 

20 

0 

3 

c  ■ 

Eire  clay 

5 

0 

Coal 

2 

u 

Slate 

6 

0 

Coal 

1 

0 

B 

30 

0 

Slate 

3 

u 

Coal 

0 

6 

Slates 

6 

0 

Coal 

i 

0 

Slates,  sandstones 

*,0 

40 

0 

Coal 

\ 

1 

6 

Conglomerate 

0 

0 

Durmg  oui  h^t  ^  i^it  to  the  Blossburg  mmes,  by  the  invitation  of  Dr. 
Morns,  of  the  Blossbuig  Companj,  we  -.pent  a  day  with  much  pleasure  in 
going  thiough  the  mines  and  e-^amming  the  works.  The  Morris  bed  was 
the  only  one  worked  at  that  time  by  the  company.  It  is  the  upper  part 
of  the  lower  seam  B,  according  to  our  judgment,  and  makes  a  bench 
of  beautiful  and  pure  coal.  Tlie  location  of  the  mines  was  a  serious  error, 
since  the  gangways  are  confined  to  a  limited  area,  on  account  of  the  dip  of 
the  seam,  which  is  from  the  gangways  on  the  lower  side.  Instead  of  open- 
ing the  coal  on  the  west  fiiee  of  the  mountain,  or  the  Blossburg  aide,  the 
opening  was  made  on  the  southeast  side,  or,  rather,  towards  the  top  of  the 
plateau.  This  error  not  only  led  to  a  great  expense  in  building  the  rail- 
road up  the  mountain,  a  distance  of  several  miles,  but  also  located  the 
mines  to  the  rise  of  the  coal,  or  towards  the  outcrops ;  while  a  location  on 
the  front  tace  would  have  been  much  more  available  not  only  for  the 
e  of  the  mine,  but  much  more  economical  for  mining  aud  shipping. 
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We  understand  some  of  these  difficulties  have  since  been  removed.  We 
merely  make  these  remarks,  as  we  have  done  on  several  occasions,  to  call 
attention  to  these  often-repeated  errors  of  location  which  arise  from  the 
want  of  a  little  geological  and  mining  experience. 

The  gentlemen  in  charge  of  the  Bloasburg  mines  at  the  time  of  our  visit 
were  not,  however,  responsible  for  the  errors,  since  they  had  been  com- 
mitted before  their  administration.  We  shall  not  soon  forget  our  ramble 
through  these  mines,  or  the  exertions  we  made  to  keep  up  with  Mr.  Young 
during  a  long  walk  on  '*  all-fours"  through  the  intricate  avenues  of  a  three- 
feet  flat  seam.  But  the  pleasure  derived  from  seeing  for  once  in  this  country 
the  "long  wall"  advancing  practically  in  use,  compensated  for  onr  labor. 

The  coal  from  this  small  seam  was  mined  about  as  cheaply  as  the  coal 
from  our  30-feet  Mammoth  seam  in  some  localities.  The  miners  had  always 
one  "loose  end,"  and  the  breasts,  or  chambers,  were  carried  wide.  The 
bogies,  or  small  cars,  had  broad,  flat  flanges,  and  would  run  with  as  much  ease 
on  the  hard  bottom-rock  of  the  seam  as  on  the  rails :  therefore  these  small 
cars  were  taken  direct  to  the  coal,  and  a  single  handling  only  was  required. 

There  is  at  least  one-half  difference  in  the  cost  of  mining  the  same 
coal.  That  is,  the  best  mode  is  one-half  less  expensive  than  the  worst 
mode:  the  best  is  the  long  wall,  or  the  "board  and  wall;"  and  the  worst, 
the  narrow  chambers  and  parallel  pillars.  The  most  expensive  mode  is 
more  frequently  practised  in  this  country  than  the  most  economical. 

Below  wili  be  found  the  statistics  of  coal  shipment  from  the  Blossburg 


*  CoKNiNG,  N.  Y.,  July  31,  1865. 
S   Haekies  Daddow,  Esij.  : 

Dear  Sib  :— Yours  of  27th  inat.,  requesting  to  be  furnished  with 
ments  over  the  Eloaeburg  Railroad,  is  received.    Below  I  give  jou  aoci 
from  BlosBburg  to  CovQing  for  a  se   e         jea 

For  year  ending  October  8       8  8  45  50 


of  ooal-stip- 
of  coal-flhipmenta 


70      4 


"      1864 
s  CEding  Jun      t> 


2000  lbs.  eaoli. 


A.  C.  Steabss, 
Gemral  Agent  Tioga  Railroad  Company. 
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THE  PHILADELPHIA  &  ERIE  RAILROAD. 

This  railroad  runs  along  the  northwestern  margin  of  the  main  Alle- 
ghany coal-fieid,  from  Lock  Haven  to  Warren.  At  several  points  this 
line  cuts  into  the  main  eoal-field,  which  extends  unbroken  to  the  south 
and  southwest;  but  to  the  northeast  the  coal  exists  only  in  patches,  as  we 
have  described.  At  a  £ew  points  along  the  line  of  this  road  the  lower 
coals,  as  described  in  the  Barclay  and  Blossbiirg  coal-fields,  exist  in  con- 
siderable bodies;  but  generally  the  field  is  much  broken,  and  only  the 
bed  E  exists  in  workable  quantities.  Coal  is  mined  at  the  Eagleston  and 
Tangascoolock  mines,  a  short  distance  above  Lock  Haven ;  at  or  near  Came- 
ron Station,  Renova,  Rjdgeway,  Johnsonhurg,  and  at  other  points  along 
the  line.  A  New  York  company  are  operating  near  Cameron,  and  a  Boston 
company  are  building  a  road  11  miles  long  to  connect  their  mines  with  the 
Philadelphia  &  Erie.  Besides  these,  many  small  operations  are  under  way, 
and  considerable  coal  has  been  mined  and  shipped  along  the  road  west- 
ward to  the  oil  regions,  where  lai^e  quantities  of  coal  are  required  to  supply 
the  engines  employed  in  boring  and  pumping.  Coal  has  been  sold  during 
1864  in  the  oil  regions  at  one  dollar  per  bushel,  or  $30  per  ton;  but  we 
believe  the  average  price  of  coal  by  the  car  has  been  about  $10  per  ton. 

A  few  years  ago,  a  great  portion  of  the  region  through  which  this  road 
passes  was  simply  a  wilderness.  But  now,  from  Lock  Haven  to  Correy, 
towns  and  cities  are  growing  up  as  if  by  magic.  Lumbering  establishments 
dot  the  road  through  all  this  wild  region,  and  immense  piles  of  sawed 
lumber  crowd  the  trains  or  are  staoked  along  the  line.  The  quantity  of 
timber  seems  immense;  but,  at  the  rate  at  which  it  is  disappearing,  those 
immense  forests  will  not  darken  the  soil  or  harbor  the  game  much  longer. 
Coal-mines  are  opened  and  the  minerals  developed  rapidly,  while  salt-weils 
and  oil-wells  not  only  exist  in  Venango,  but  from  Lake  Erie  to  Warren, 
and  even  farther  east. 

The  grades  and  distances  of  this  line  from  east  to  west  are  more  fevor- 
able  than  those  of  any  other  line  connecting  the  Eastern  and  Western 
waters. 

The  distance  from  Philadelphia  to  Lake  Erie,  via  Lancaster,  Harris- 
burg,  and  Sunbury,  is  447  miles;  while  the  distance  from  New  York  to 
the  Lakes  is  508  miles  by  the  Erie  and  535  by  the  Central  road.  The 
distance,  however,  from  New  York  to  Buffiilo  or  Dunkirk  is  considerably 
less.  The  elevation  overcome  by  the  Philadelphia  &  Erie  is  2006  feet, 
and  the  ascent  is  gradual.  The  elevation  overcome  by  the  Pennsylvania 
Central  in  crossing  the  Alleghanies  is  2161  feet,  and  the  ascent  is  more 
irregular.  The  Baltimore  &  Ohio  overcomes  an  elevation  of  2620  feot, 
and  contends  with  sharp  curves  and  successive  descending  and  ascending 
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The  item  of  elevation,  and  consequent  heavy  grades,  in  crossing  the 
Alleghanies,  or  connecting  the  Eastern  and  Western  waters,  is  an  unportant 
one.  Grades  of  100  feet  to  the  mile  are  difficult  to  overcome,  and  the 
expenses  of  transportation  are  increased  in  proportion  to  the  increase  of 
the  grades.  For  a  heavy  trafiic,  the  Philadelphia  &  Erie  is  the  most 
fevorable  line  yet  built.  But  it  simply  taps  the  Lalies.  True,  they  supply 
a  vast  trade,  which  is  constantly  on  the  increase,  and  will  eventually  tax 
to  tlie  utmost  all  the  roads  leading  from  thera  to  the  East.  Yet,  when 
we  consider  the  productive  area  of  the  Mississippi  Valley,  the  region 
from  which  and  to  which  the  greatest  streams  of  trade  must  eventually 
flow,  and  where  men  and  cities  will  be  thickest,  we  cannot  shut  our  eyes 
to  the  natural  advantages  possessed  by  Virginia,  or  conceal  the  fact  that  a 
little  enterprise  and  capital  might  give  to  that  State  the  chief  trade  of 
the  West.  Had  the  Virginians  a  tithe  of  the  energy  and  vigor  manifested 
by  the  people  of  Pennsylvania  and  New  York,  the  magnificent  roads  at 
Hampton  would  ere  this  have  been  crowded  with  shipping  from  all  parts 
of  the  world,  engaged  in  peaceful  traffic,  their  cities  and  viU^cs  would 
now  be  flourishing  and  prosperous,  instead  of  lying  in  smoking  ruins,  and 
the  fields  and  mountains  of  their  State  would  be  productive  of  wealth, 
instead  of  being  clothed  in  weeds  and  "old  field  pines"  and  still  almost 
unknown  to  the  miner  and  the  manufacturer.  But  we  shall  refer  to  this 
again  in  a  more  appropriate  place,  and  will  continue  our  description  of 
the  coal-field. 

It  will  be  noticed  on  the  accompanying  miniature  map  that  we  have 
been  skirting  the  great  coal-field,  and  simply  describing  the  outlying 
patches  which  cluster  along  its  northeastern  margin.  We  will  now  present 
a  concise  account  of  the  entire  field,  having  given  the  foregoing  chiefly  for 
the  purpose  of  connecting  the  anthracite  with  the  bituminous  coal-fields. 
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CHAPTEE  XVII. 

THE    GREAT   ALLEGHANY    COAL-FIELD. 

Map  of  the  Alleghany  Coai-Field — Extent  and  Boundaries — Area  in  the  aeveral  States 
trarerBed — Basins — Anticlinals — Coal  Measures — Thickness — The  Great  Basin — Trans- 
yerse  Section — Description — Coal  Meaaiires,  Character,  and  Variation — Cannel-Coal 
Beds — Vertical  Sections — Identity  of  tiie  Coal-Beds — Mammoth  anii  Kartiauae — Primrose 
and  Pittsburg  Beds — Professor  Lcsquereus — Palteoiit  ologioal  Eyidence— Anvil  Rock — 
,J.  P.  Lesley— Identifleation  of  the  Lower  Beda^The  Great  Kanawha  Region — Alleghany 
Coal-Field  in  Pennsylyania— Production  of  Bituminous  Coal  in  Pennsylyania— Tte 
Cumberland  Coal  Region— Erosion— Sections. 

DESCRIPTION  OF  THE  MAP. 
The  accompanying  miniature  map  represents  tlie  general  extent  and 
form  of  this  great  coal-field,  with  the  prominent  places  and  points.  It 
extends  through  portions  of  nine  States,  viz. : — Pennsylvania,  Ohio,  Mary- 
land, Virginia,  West  Virginia,  Kentucky,  Tennessee,  Greorgia,  and  Ala- 
bama. Its  immediate  boundary  in  Pennsylvania,  not  including  the 
outlying  patches,  extends  from  Lock  Haven,  on'  the  west  branch  of  the 
Susquehanna,  along  the  Alleghany  range,  sonth-west,  through  the  counties 
of  Clearfield  and  Cambria,  to  the  Maryland  line,  and  northwest,  through 
the  counties  of  Clinton,  Elk,  McKean,  Warren,  Crawford,  and  Mercer,  to 
the  Ohio  State  Ime  at  Greenville,— embracing  a  productive  area  in  Penn- 
sylvania of  about  12,000  scLuare  miles,  independent  of  the  smaller  outlying 
deposits  before  noticed.  The  prominent  places  near  which  the  coal-margin 
passes  in  its  northwestern  border  are  Lock  Haven,  Farrandsville,  De- 
fiance, Emporium,  Smethport,  Ridgeway,  Johnsonsburg,  Warren,  Tideoute, 
Franklin,  and  Greenville.  The  boundaries  of  this  great  coal-field  con- 
tinue from  Greenville,  in  Mercer  county,  Pennsylvania,  west  through 
Trumbull,  Portage,  and  Summit  counties,  Ohio,  to  Akron.  The  bound- 
ary-line thence  runs  nearly  south  through  Ohio  to  the  Ohio  River,  near 
Portsmouth;  crossing  the  Ohio  into  Kentucky,  it  changes  its  course 
rather  more  to  the  west,  but  continues  in  an  irregular  line  through 
that  State  into  Tennessee;  pursuing  the  same  southwest  course,  it 
crosses  the  State  of  Tennessee  half-way  into  Alabama.  In  that  State, 
near  the  Mississippi  line,  it  forms  the  southern  boundary,  and  returns 
by  the  eastern  margin,  in  a  general  northeast  course,  through"  Alabama, 
North  Georgia;  Tennrasee,  and  Virginia,  to  the  Great  Kanawha,  near  the 
mouth  of  the  Greenbrier.     Soon  after  crossing  at  this  point  it  attains 
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its  maximum  breadth,  and  changes  its  course  nearly  north  to  the  Mary- 
land line. 

The  length  of  this  coal-field  within  its  productive  area  is  800  niiles,  or 
to  its  extremity  at  Blossburg  875  miles.  Its  maximum  breadth  from 
Cumberland,  Maryland,  to  Newark,  Ohio,  is  180  miles.  Its  minimum 
breadth  is  on  a  line  with  Chattanooga  across  the  field,  where  it  is  not, 
perhaps,  more  than  30  miles  wide.  The  entire  area  is  about  55,000  square 
miles,  which  is  divided  among  the  States  in  which  it  lies  in  about  the 
following  ratio: — 

Square  Milea. 

Pennsjlyania 12,656 

Ohio 7,100 

Maryland 550 

West  Virginia 15,900 

Kentucky 10,700 

Tennessee 3,700 

Alabama 4,300 

Georgia 170 

Total 55,076 


The  general  form  of  this  great  coal-field  is  that  of  a  rude  club,  the 
liandle  ranging  through  Kentucky,  Tennessee,  and  Alabama,  and  the  head 
resting  on  Virginia,  Ohio,  and  Pennsylvania. 

The  northern  extremity  terminates  in  five  prongs,  or  Titanic  fingers: 
this  we  have  not  represented  on  the  map,  since  the  scale  is  too  limited  to 
admit  of  this  feature  being  portrayed ;  nor  have  we  marked  the  prominent 
antichnals  of  Negro  Mountain,  Laurel  Hill,  or  Chestnut  Ridge,  which 
range  longitudinally  along  its  eastern  margin  through  the  southern  portion 
of  Pennsylvania,  Maryland,  and  part  of  West  Virginia. 

The  field  undulates  from  east  to  west,  forming  six  principal  basins  and 
£ve  prominent  anticlinals,  independent  of  the  Maryland  basin.  The 
eastern  axes  are  more  abrupt  and  narrow  than  the  western,  as  shown  in 
figure  4,  which  conveys  an  approximate  idea  of  the  general  form  of  the  field. 
The  coal  measures  are  divided  by  Rogers  and  other  geologists  into  three 
or  four  series  or  groups.  We  do  not  propose  to  make  more  than  two 
divisions,  into  which  the  coal  measures  are  naturally  divided.  That  is,  the 
lower  beds,  under  the  Mahoning  sandstone,  corresponding  with  our  white- 
ash  coals  in  the  anthracite  regions  and  the  upper  beds,  or  those  above 
this  sandstone.  The  lower  group  naturally  occupies  much  the  larger  area, 
on  the  principle  represented  in  figure  92,  where  it  may  be  noticed  that 
the  lower  beds  occupy  a  much  larger  area  than  the  upper  ones,  though 
the  strata  pitch  much  more  abruptly  in  the  anthracite  tJian  the  bituminous 
regions. 
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In  figure  92,  A,  B,  C,  D,  and  E  constitute  the  lower  group  of  white-asli 
seams,  as  tliey  constitute  the  lower  group  in  the  bituminous  fields.  But 
here  they  spread  out  in  a  nearly  horizontal  manner,  and,  of  eoursej  cover 
a  correspondingly  gi'eater  amount  of  area. 

In  all  probability,  the  lower  beds  occupy  three-fourths  of  the  entire  area 
of  this  field,  where  the  upper  beds  do  not  exist:  that  is,  the  upper  beds,  or 
those  lying  over  the  iVIalioning  sandstone,  do  not  occupy  more  than  one- 
tburtli  the  area  of  the  coal-field.  The  upper  beds,  in  faet,  are  confined  to 
a  limited  area,  as  the  red-ash  beds  are  in  the  anthracite  fields.  They 
occupy  a  portion  of  this  field  in  the  southern  part  of  Pennsylvania, 
Maryland,  "Virginia,  and  Ohio,  and  may  exist  to  a  limited  extent  in  tlie 
deepest  portions  of  the  measures  in  Kentucky.  But  in  the  Western  coal- 
fields the  upper  beds  do  not  exist. 

The  numerous  water-courses  that  traverse  all  parts  of  this  great  field 
have  cut  deep  valleys  through  the  coal  measures,  in  many  places  far  below 
their  base ;  but  generally  the  valleys  exist  in  the  coal  measures  and  at  the 
expense  of  the  coal.  Not  less  than  one-third  the  entire  amount  of  coal 
has  been  thus  denuded  by  erosion.  It  will,  therefore,  ap^war  evident  that 
we  can  only  estimate  approximately  the  total  tliickness  of  coal ;  since  none 
but  the  lower  beds  approach  the  margin  of  the  field,  and  the  upper  beds 
occupy  but  a  small  area,  while  all  portions  of  the  field  have  suffered  much 
from  erosion.  The  total  thickness  of  the  seams  ranges  from  50  to  75  feet ; 
perhaps  50  feet  total  workable  thickness  would  be  an  average,  where  the 
upper  and  lower  groups  exist.  But  we  cannot  estimate  more  than  half  tlie 
aggregate  thickness  as  productive  throughout  the  entire  field.  We  have 
given  30  feet  as  the  total  workable  thickness  of  the  coals  of  Pennsylvania, 
and  20  feet  as  the  a^regate  of  the  United  States ;  and  both  are  the 
maximum  limits.  The  amount  of  available — or  what  we  now  call  work- 
able— coal  is  much  less;  but,  under  a  system  of  economy  that  might  and 
should  be  applied  to  our  coal-beds,  perhaps  the  estimate  is  i-easonable,  and 
it  is  certainly  within  the  bounds  of  all  such  calculations.  Under  our  pre- 
sent wasteful  style  of  mining,  however,  and  our  rejection  of  all  seams  under 
three  feet  as  univorkabie,  the  estimate  is  one-half  too  much ;  that  is,  the  pro- 
ductive yield  of  this  great  coal-field  would  be  fifteen  feet  total  thickness, 
instead  of  30  feet, — 22,500  tons  per  acre,  instead  of  45,000  tons.  But  here, 
as  in  the  English  coal-fields,  we  have  estimated  all  seams  over  12  inches 
in  thickness. 

THICKNESS   OF   THE   ALLEGHANY  COAL   MEASUEES. 

There  are  several  interesting  geological  problems  connected  with  the  coal 
measures  of  this  great  field,  which  if  satisfactorily  settled  would  go  far  to 
determine  a  scientific  question  of  some  importance.  As  before  stated,  all 
coal-fields  arc  basiu-shaped,  and  tlie  interior  is  always  deepei  than  the 
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exterior  portions, — in  otber  words,  the  centre  of  the  basin  13  always 
deeper  than  its  outcrops ;  and  tliia  fact  holds  good  in  the  Alleghany  field  as 
elsewhere.  But  here,  as  in  most  other  fields,  the  coal  is  deposited  in  nume- 
rous basins,  lying  parallel  with  each  other  and  conforming  to  the  general 
geological  strike  of  the  strata.  That  is,  all  our  mountain-ranges  have  a 
general  southwest  and  northeast  course,  and  all  our  great  valleys,  and  con- 
sequently basins,  have  the  same  general  strike  of  axis,  while  their  trans- 
verse is,  of  course,  the  contrary.  But  these  basins  are  successively  deeper 
as  tliey  range  from  the  west  towards  the  east,  or  from  the  centre  of  the 
Great  Appalachian  (Mississippi)  Valley.  This  depression  is  not  only  from 
the  west  to  the  east,  but  also  from  the  north  to  the  south ;  and,  though 
there  is  now  no  external  evidence  of  a  southern  margin  to  the  great  basin, 
nothing  is  more  certain  than  that  a  southern  margin  must  have  existed, 
as  high,  perhaps,  as  the  boundaries  on  the  east,  north,  and  west.  But  these 
boundaries  of  tlie  great  basin,  or  tlie  ancient  Appalachian  sea,  as  described 
in  Chapter  III.,  arc  not  the  boundaries  of  the  Alleghany  coal-iield ;  for 
besides  this  great  field  there  are  two  or  three  others,  perhaps  not  less  exten- 
sive, and  several  of  smaller  dimensions,  but  all  within  the  great  basin. 
As  before  noticed,  the  eastern  margiu  of  the  Alleghany  field  is  the  eastern 
margin  of  the  great  basin  as  it  now  exists ;  that  is,  this  field  lies  on  its 
east«m  side,  while  the  Rocky  Mountains  and  their  unexplored  coal-fields 
bound  it  on  the  west.  But  the  western  margin  of  the  Alleghany  field 
lies  to'vvards  the  deeper  portions  of  the  great  basin,  and,  as  we  have  said, 
in  the  eastern  portion  of  Ohio,  Its  extreme  southern  limit  lies  far  in 
Alabama,  and  on  the  summits  of  the  mountains  which  tower  over  the  vast 
plains  of  the  Gulf.  The  abrupt  termination  of  the  field  in  this  direction, 
and  the  broken  crags  which  form  the  terminal  points  of  many  of  those 
great  mountain-ranges  which  sweep  down  from  the  north  along  the 
eastern  margin  of  the  great  basin,  and  which  form  its  Atlantic  boundary, 
indicate  a  violent  change  in  the  topography  of  the  South.  The  continua- 
tion of  the  coal-field  was  evidently  far  beyond  tlie  "  Lookout"  ranges,  and 
its  present  soutliern  area  bears  no  comparison  to  its  ancient  extent  when 
first  from  the  hand  of  Nature. 

Yet,  while  we  consider  the  southern  margin  of  the  ancient  sea  to  have 
been  along  the  shores  of  Florida  and  the  mountains  of  Cuba  and  Yucatan, 
we  have  no  reason  to  suppose  that  the  coal  formations  originally  existed 
universally  along  their  interior  slopes.  It  seems  evident  tliat  the  subsi- 
dence of  the  crust  was  greatest  in  this  direction,  and  that  the  interior  basin 
must  have  been  always  too  deep  to  admit  of  the  formation  of  coal.  But 
around  the  entire  basiu  we  find  coal  wherever  there  is  evidence  of  a  com- 
jmratively  shallow  sea.  The  depression  of  the  ancient  granitic  or  igneous 
crust  of  the  earth,  and  the  elevation  of  the  Palieozoic  or  sedimentary 
strata,  have  been  general  along  the  southern  and  eastern  margins  of  the 
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ancient  sea.  The  change  was  natural,  and,  v/e  thiDk,  lias  been  clearly  set 
forth  in  Chapter  III. 

It  will  be  necessary  here  to  devote  a  few  words  to  the  form  and  character 
of  the  great  basin  in  which  not  only  the  Allegliany  coal-field  but  the 
other  great  Appalachian  fields,  which  will  follow  in  this  description,  exist. 
The  accompanying  illustration,  figure  117,  represents  the  general  form  of 
the  great  basin  from  east  to  west,  on  a  line  with  the  Great  Kanawha,  Ohio, 
Missouri,  Kansas,  and  Arkansas  Rivers,  from  the  Alleghany  to  the  Rocky 
Jlountains.  The  section  is  necessarily  approximate,  and  merely  gives  the 
general  positions  of  the  great  coal-fields,  and  the  order  of  the  geological 
formations  and  their  peculiarities. 

The  outside  granite  edge  of  the  great  basin  is  60CMD  feet  above  the  sea  in 
Southwestern  Virginia,  at  the  head  of  the  New  River, — a  continuation  of 
the  Great  Kanawha,— and  from  10,000  to  15,000  feet  high  in  the  Rocky 
Mountains.  The  succeeding  gneissic  belt  has  less  elevation,  and  succeed.* 
the  granite  not  only  on  its  western  but  on  its  eastern  side,  and  laps  over 
the  granite  on  the  margin  of  the  great  basin  almost  vertically,  and  in 
the  interior  horizontally.  Derived  from  volcanic  eruptions  or  the  line  of 
volcanic  vents  existing  in  the  granite  belt  of  the  east,  it  naturally  over- 
spread the  granite  on  both  sides  of  this  elevated  belt,  and  covered  it  in  all 
the  deep  valleys  or  lower  basins.  This  belt  of  gneissic  or  azoic  rocks  is 
succeeded  by  the  Palseozoic  or  sedimentary  strata  d,  represented  in  the  Allc- 
ghanies  on  the  east  and  the  Black  Hills  on  the  west;  and  on  or  in  this 
exists  the  coal. 

We  must  here  state  that  our  section  is  conjectural  in  its  western  margin 
hO  &r  aa  the  coal  is  concerned,  and  also,  to  some  extent,  the  form  of  the 
Palffiozoic  strata.  The  general  form  and  character  of  the  western  margin 
of  the  great  basin  must  partake  to  a  great  extent  of  its  eastern  feature. ; 
but  we  cannot  state  from  personal  observation  that  the  effects  of  volcanic 
action  were  the  same,  or  that  basins  for  the  formation  of  coal  were 
created  in  the  same  manner  as  they  were  to  the  east.  It  is  poh.'Bible  that 
the  greater  elevation  of  the  western  margin  left  the  larger  portion  hiuh 
and  comparatively  dry  before  the  advent  of  the  coal  era,  or  the  period  of 
time  when  the  heat  was  tampered  to  the  proper  degree  to  permit  the  growlh 
of  vegetation. 

The  section  we  give  is  miniature  in  scale,  since  we  have  to  comprise 
1500  miles  in  seven  inches:  we  can,  therefore,  only  portray  the  chief  points 
within  the  great  basin. 

The  Alleghany  coal-field,  which  is  180  miles  wide,  is  the  first,  and  lies 
along  the  eastern  side.  It  is  separated  from  the  Central  coal-field  by  the 
Devonian  and  Silurian  formations  of  Ohio  and  Indiana,  which  are  over 
100  miles  wide.  The  Central  coal-field  is  as  wide  as  the  Alleghany.  It 
will  be  noticed,  in  the  small  maps  which  we  give  of  these  fields,  that 
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the  scale  in  the  Alleghany  map  is  100  miles  to  an  inch;  while  it  is  only  50 
miles  to  an  inch  in  the  Central,  and  |  of  an  inch  to  50  miles  in  the 
Western  field.  The  Western  field  in  Iowa  and  Missouri  is  also  from  150 
to  200  miles  wide.  The  extent  of  the  coal  in  Kansas  is  conjectural ;  and 
the  same  may  be  said  of  all  to  the  west  of  the  Missouri  Kiver  where  it 
leaves  or  bounds  the  Great  Western  coal-field  in  Missouri.  It  is,  perhaps, 
scarcely  to  be  doubted  that  the  Central,  Western,  and  Arkansas  coal-fields 
were  once  united  and  formed  one  immense  area  of  coal  nearly,  if  not  fully, 
500  miles  square,  or  embracing  an  area  of  250,000  square  miles. 

The  coal  depreciates  rapidly  westward,  and  only  two  or  three  small 
seams  exist  in  Western  Missouri.  Westward  still,  however,  we  iind  coal 
and  coal  formations;  but  most  of  the  coal  west  of  Missouri  and  east  of  the 
Black  Hills  is  tertiary  coals  or  lignites,  formed,  in  all  probability,  in  the 
marshes  and  bogs  of  that  higher  region;  while  the  coal  formed  in  the 
deeper  basins  to  the  east. 

The  Eastern  coal-basins  dip  below  the  sea- level;  while  the  Western 
basins,  even  in  Missouri,  lie  from  400  to  800  feet  above  it;  and.  while  the 
Silurian  rocks  descend  from  20,000  to  30,000  feet  below  the  coal  in  the 
East,  they  do  not,  perhaps,  reach  the  sea^level  in  the  West.  It  will  be 
noticed  that  the  ascent  is  gradual  towards  the  West,  and  that  the  Western 
coal-fields  are  more  uniformly  level  or  partake  less  of  the  basin-shape 
than  the  Eastern  fields.  While  the  Alleghany  field  presents  the.  basin- 
formation  prominently,  the  Central  coal-field  is  only  moderately  busined, 
and  the  Western  coal-field  is  nearly  horizontal.  The  evidence  presente{l 
here  is  conclusive  as  to  the  formation  of  coal  in  water;  and  the  deeper  the 
basins  the  more  extensive  are  the  measures  and  the  more  numerous  the 
coal-seams.  The  sections  presented  ferther  on  demonstrate  this  iact  con- 
clusively. Vertical  section,  figure  118,  through  the  All^hany  coal-field, 
presents  50  feet  of  workable  coal ;  while  that  of  the  Central  coal-field,  figure 
128,  shows  only  20  feet,  and  that  of  Missouri,  figure  131,  only  10  to  15  feet. 

We  must  conclude,  therefore,  that  a  shallow  depth  of  water,  forming 
bogs  or  swamps,  was  not  a  favorable  condition  for  the  production  of  coal; 
and  this  fact  is  strong  evidence  that  true  coal  is  not  the  production  of  an 
arborescent  flora.  The  basin-shape,  as  presented  in  irregular  formation, 
also  condemns  the  theory  of  the  elevation  of  the  submerged  portions  or 
the  deep  basins  .above  water-level.  It  is  not  probable  that  they  would 
be  elevated  aud  depressed  in  spots:  such  a  phenomenon  would  be  un- 
natural. The  elevation  or  depression  must  be  gradual  and  general.  But 
we  discard  all  such  unnatural  processes  in  the  formation  of  coal.  The 
general  depression  of  certain  portions  of  the  earth's  crust  we  showed 
to  be  consistent  with  tlie  natural  processes,  and,  though  not  absolut^'ly 
f  to  the  formation  of  coal,  yet  not  inconsistent  with  its  formation 
is;  while  the  facts  here  presented  demonstrate  the  propositions 
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formerly  set  'forth, — that  coal  is  formed  in  comparatively  deep  basins  from 
the  bituminous  results  of  naphtha  or  carbon  oils  iu  connection  with  an 
aqueous  flora,  and  perhaps  the  oils  of  aa  arborescent  flora,  compressed 
■within  the  coai-strata  and  rising  to  the  surface  of  the  crater,  as  ail  oils 
must  do  when  released  from  confinement. 


THE   COAL   MEASURES. 

That  the  PalEeozoic  strata  thin  or  depreciate  in  a  westward  direction 
has  been  clearly  demonstrated;  and  we  may  presume  that  the  coal  measures 
are  no  exception  to  the  general  rule. 

But  the  depreciation  of  the  coal  measures  bears  no  proportion  to  the 
depreciation  of  certain  subordinate  rocks.  We  have  seen  that  the  Palae- 
ozoic column  at  Pottsville  is  from  30,000  to  40,000  feet  in  height;  while 
in  the  Central  coal-field,  in  Indiana  and  Illinois,  it  is  less  than  3500  feet. 
But  while  the  coal  measures  in  the  anthracite  regions,  within  the  pro- 
ductive strata,  are  2500  feet  thick,  the  coal  measures  of  the  Great  Alle- 
ghany coal-field  are  about  2000  feet  thick  within  the  productive  measures; 
and  while  the  coarse  sandstones  accumulated  in  the  former  region,  the 
slates,  shales,  &c.  formed  in  the  latter;  while  the  immense  beds  of  anthra- 
cite coal  were  forming  in  the  East,  limestones  accumulated  in  the  West: 
both  required  seasons  of  rest  and  quiet.  Therefore,  less  depreciation 
appears  in  the  coal  measures  tlian  in  the  rocks  on  which  tliese  measures 
rest.  In  figure  117  the  measures  or  coal-fields  appear  to  depreciate  rapidly 
in  a  westward  direction,  and  this  is  really  so.  But  this  depreciation  is 
due  more  to  tlie  absence  or  want  of  the  measures  containing  the  upper 
coals  than  to  a  thinning  of  the  strata. 

The  Pittsbuj^  coal  G  does  not  exist  west  of  the  Ohio  to  any  great 
extent.  It  may  appear  on  the  highest  points  of  the  Illinois  Central  coal- 
field, but  never  westward  of  that  locality. 

The  natural  position  of  the  Mammoth,  or  E,  is  beneath  the  Mahoning 
sandstone,  and  as  the  Primrose,  or  G,  is  the  next  seam  of  importance  above 
this  sandstone,  we  must  assume  it  to  be  the  Pittsburg  bed.  The  evidence 
of  this  identification  is  complete.  First,  the  distance  from  A,  or  the  con- 
glomerate, in  the  Pottsville  section,  or  in  the  anthracite  regions  generally, 
to  E,  or  the  Mammoth,  is  about  400  feet,  and  the  distance  from  A  to  E  in 
the  Alleghany  coal-field  is  generally  about  300  feet.  Second,  the  iron  ore 
over  the  bed  B,  accompanied  by  limestone,  is  identical  with  the  ores  found 
over  the  Buck  Mountain  bed  in  the  Lehigh  region,  at  Barclay,  in  Bedford 
county,  and  elsewhere  in  the  East,  Third,  the  iron  ore  imder  bed  E  is 
almost  universal  throughout  the  anthracite  regions,  and  in  many  places  in 
the  East  it  is  accompanied  by  a  coarse,  calcareous  rock,  identical  with  the 
"Curlew  limestone"  of  the  West.     Fourth,  we  have,  in  our  description  of 
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the  principal  seaois  in  the  anthracite  regions,  called  particular  attention  to 
the  "splitting"  of  the  beds  in  a  westward  direction,  and  demonstrated  that 
the  Buck  Mountain  B  and  the  Mammoth  E  each  divided  into  several 
sL-ams  as  they  ranged  westwardly;  and,  if  we  notice  the  sections  made  in 
viu-ious  Western  localities,  we  will  find  tliat  these  great  beds  have  their 
i-cpresentativcs  in  their  proper  places  and  in  uniform  order,  or  are  repre- 
sented by  groups  occupying  their  proper  geological  horizon. 

We  must  here  call  attention  to  a  singular  fact — for  such  we  presume  it 
to  be — in  regard  to  the  cannelnxial  seams.  These  seams  have  no  fair  repre- 
sentatives in  the  anthracite  regions,  and  arc  not  to  be  identified  generally 
In  the  West.  They  always  exist  between  the  great  beds,  and  increase  and 
decrease,  and  improve  and  depreciate  in  quality,  according  to  the  uniformity 
of  the  measures  and  the  accompanying  bituminous  beds.  Sometimes  these 
(■aunel  seams  are  represented  by  a  small  strata  of  pure  bituminous  coal, 
and  at  other  times  by  a  bed  of  bituminous  shale,  which  changes  from  shale 
to  bituminous  coal,  splint,  and  eannel,  according  to  circumstances. 

The  first  eannel  scam  exists  over  B,  and  is  synonymous  with  our  C, 
which  is  always  a  variable  seam,  and  generally  small.  The  next  is  a  split 
from  E,  and  is  one  of  its  lower  benches.  This  seam  is  not  reliable,  and 
i>nly  occasionally  eannel;  but  sometimes  it  is  verj-  good,  and  3  feet  thick 
on  the  Kanawha.  The  next  and  last  eannel  seam  exists  over  the  Mam- 
moth, or  E,  and  is  sometimes  from  5  to  6  feet  of  splendid  eannel  coal.  It 
may  be  the  "seven-feet"  seam  overlying  the  Mammoth.  This  is  supposed 
to  be  the  celebrated  Peytona*  eannel  of  Coal  Kiver,  in  West  Virginia. 

The  lower  eannel,  or  C,  is  the  most  extensive,  and  the  scam  generally 
productive  of  eannel  coal  in  the  West,  We  have  named  it  "Gamma"  in 
the  anthracite  r^ions. 

In  figures  76  and  118  will  be  found  an  identification,  nearly,  of  the 
anthracite  beds  with  the  bituminous  seapis  of  the  Alleghany  coal-field. 
The  size  of  E,  as  given  in  figure  118,  is  larger  than  given  by  Rogers, 
J>esley,  or  most  of  our  geologists  who  have  written  on  the  bituminous  coal- 
iields.  But  it  appears  evident  from  the  State  Survey,  and  the  facts  which 
may  be  gathered  concerning  this  seam,  as  the  "Elk  Lick  coal"  in  Somerset 
<'0unty,  Pennsylvania,  the  great  bed  at  Karthau,se  and  Clearfield,  Penn- 
.sylvania,  and  the  great  upper  coal-bed  on  the  Kanawha  and  Coal  Rivers 
in  West  Virginia,  that  E  is  equally  as  large  as  G.  In  feet,  this  bed  is 
frequently  larger  than  the  Pittsburg  seam,  and  as  good  and  pure,  but  it 
is  not  quite  so  regular.  The  same  may  be  said  of  the  Mammoth  in 
the  anthracite  regions;  though  the  Primrose  bears  no  comparison  to  it 
there. 

*  There  ia  aome  doubt  in  relation  to  thia  Beam;  we  are  not  certain  aa  to  its  identity. 
Lite  developments  seem  to  place  it  abore  E;  but  Lesley  places  it  above  B,  and  aynonymous 
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There  can  be  no  doubt  of  the  fact  that  the  great  Cumberland  bed  is 
identical  with  E,  or  the  Mammoth.  It  has  been  mistaken  for  the  Pitta- 
burg  bed;  but  a  careful  examination  of  its  position,  character,  and 
accomimnying  seams  and  stra^  will  convince  any  practical  man  of  this 
identify.  From  the  efforts  to  identify  tliis  great  bed  with  tlie  Pittsbui^ 
bed  much  confusion  hns  arisen.  This  has  led  many  to  suppose  the  Mam- 
moth and  the  Pittaburg  bed  synonymous;  and  from  this  error  in  the 
Btartlng-point  has  arisen  all  or  most  of  the  difficulty  in  the  identification 
of  the  seams. 

Prof  Itogera  has  also  made  errors  in  his  sections  at  Wilkesbarre  and 
Pittston,  which,  we  observe,  has  led  Prof.  Lesquereux,  of  Columbus,  Ohio, 
into  some  confusion  in  his  Western  sections;  and  in  this  respect  Prof 
Lesley  seems  also,  for  once,  to  have  been  led  into  error, 

We  do  not,  however,  make  these  remarks  with  invidious  intention,  since 
these  distinguished  geologists  are  entitled  to  our  admiration  for  their 
eminent  services;  but  we  wish  to  point  out  the  necessity  of  stai-ting  right 
and  the  importance  of  correct  data. 

We  think  Prof.  Lesquereux  has  the  data  for  a  complete  identification  of 
Western  coais.  We  notice  the  facts  which  he  has  established  by  his  pal^e- 
ontological  researches,  or  a  comparison  of  the  fossil  flora  and  organic 
remains  accomjmnying  the  respective  seams;  but  we  notice,  also,  that  he 
has  placed  too  much  reliance  on  imperfect  sections,  and,  while  he  accepts 
imperfect  data  for  fact,  it  wUl  be  impossible  to  arrive  at  any  general  and 
definite  conclusion.  We  must  acknowledge,  however,  that  we  owe  much 
to  Lesquereux  and  Lesley  for  the  conclusions  we  have  arrived  at;  but,  in 
order  to  make  their  data  available,  we  have  spent  mucli  patient  labor  and 
made  many  arduous  personal  investigations  of  doubtful  points  and  locali- 
ties in  order  to  justify  and  connect  the  facts  they  have  elucidated  with 
developments  set  forth  in  the  preceding  pages  in  reference  to  the  identifi- 
cation of  the  seams. 

Ijesquereux  says,  "From  all  the  local  sections  of  the  Pennsylvania  sur- 
vey, two  ascertained  data  are  especially  worth  mentioning,  1st.  The 
reliability  of  our  Curlew  limestone,  which  in  Pennsylvania  is  called  Free- 
port  limestone,  and  is  generally  placed  6  to  15  feet  above  onr  No.  3  coal. 
2d.  The  consistency  of  the  ferriferous  limestone  between  Ko.  1,  B,  and 
No.  2,  in  the  place  Occupied  by  our  coal  C.  It  lies,  as  in  Kentucky,  10 
to  40  feet  above  No.  1,  B,  and  is  generally  accompanied  by  calcareous  ores." 

It  thus  appears  that  the  "Curlew  limestone"  lies  below  E  and  between 
E  and  D;  and  L^uereux  denominates  E  as  No.  4,  and  he  finds  by  palse- 
ontological  evidence  that  No.  4  of  Western  Kentucky  is  also  in  the  vicinity 
of  the  Baltimore  bed  at  Wilkesbarre,  Pennsylvania;  and,  since  we  have 
identified  the  Baltimore  bed  beyond  a  doubt,  with  the  Mammoth  of  Schuyl- 
kilf  county,  Pennsylvania,  this  fact  is  thoroughly  established,  and  there 
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can  be  no  room  for  doubt  that  the  Mammoth  is  identical  with  the  Freeport 
beds  or  the  seams  of  that  group. 

Lesquereux  also  identifies  B  of  our  nomenclature  with  E  No.  1  in 
Western  Kentucky ;  but  he  falls  into  error  by  calling  B,  or  the  Buck  Moun- 
tain, "the  Mammoth."  But  this  error  evidently  arises  from  the  confusion 
of  the  Wyoming  sections  made  in  the  State  Report;  and  this  simple  mis- 
nomer cannot  invalidate  the  tacts  set  forth  in  the  foregoing  quotation  from 
Lesquereux's  pabeontologieal  report  in  the  Kentucky  survey. 

From  this  and  other  errors  arising  from  incorrect  data,  we  think  this  emi- 
nent professor  of  paljeontologj'  has  iallen  into  the  mistake  of  placing  all  the 
coal-seams  of  the  anthracite  regions  of  Pennsylvania  beneath  the  Pittsburg 
bed,  or  even  below  the  Mahoning  sandstone;  whereas  all  the  evidence 
goes  to  prove  that  tlie  highest  coal  at  Pottsville  is  at  least  cotemporaneoua 
with  the  "Anvil  Rock,"  the  counterpart  of  which  may  be  found  over  our 
K,  or  the  Tracys.  It  is  not  only  the  hardest  rock  in  the  coal  measures, 
but  to  all  appearance,  except  in  thickness,  it  is  the  perfect  counterpart  of 
the  Anvil  Rock  of  Kentucky. 

In  treating  of  the  lower  coal, — viz. :  our  white-ash  coal  of  the  anthra- 
cite r^ions, — Prof.  J,  P.  Lesley,  in  his  "  Manual  of  Coal,"  agrees  precisely 
with  us  in  their  distribution  and  character. 

"The  Lower  Coals  form  in  Western  Pennsylvania  a  system  by  them- 
selves, as  has  been  said  already.  Clinging  as  it  were  to  the  face  of  the 
conglomerate,  the  lower  system  fared  better  than  the  upper  one,  and  has 
been  left  to  cover  an  immense  area.  In  fiict,  it  forms  by  far  the  largest 
part — perhaps  four-fifths — of  all  the  coal  remaining  on  the  surface.  In 
Ohio — except  near  Wheeling — and  in  all  the  Western  States,  it  is  the  only 
coal,  and  may  have  been  originally  the  only  coal  deposited. 

".  .  .  .  Wherever  the  dip  is  gentle,  this  lower  coal  system  prevails, 
tlie  upper  being  swept  away;  but  where  the  dip  is  steep  and  in  the  middle 
of  the  narrow  troughs,  it  receives  the  upper  system  on  itself.  It  furnishes 
the  beds  of  Northern  and  Western  Pennsylvania  as  far  south  aa  the  Cone- 
maugh  or  Kiskiminetas,  those  of  the  Alleghany  River,  and  all  the  country 
northwestward  of  the  Ohio.  It  occupies  the  west  and  south  of  Virginia, 
and  provides  the  coal  of  Kentucky*  and  Tennessee.  The  cannel  is,  per- 
haps, exclusive  of  this  system. 

" ....  At  that  time  [referring  to  the  early  survey  of  Pennsylvania]  a 
large  bed  in  the  upjier  part  of  the  system  was  familiarly  called  the  'Elk 
Lick  coal,'  from  ita  locality  near  the  romantic  falls  of  that  name  in  Somer- 
set. This  bed,  which  Ls  the  upper  Freeport  bed  of  the  Kiskiminetas  and 
Alleghany  Rivers,  seems  to  be  represented  by  the  large  upper  coal  of  the 

*  This  refers  to  Eastern  Kcntuckj,  or  file  Alleghany  ooal-field  in  Kentucky,  and  not  tlie 
eoalB  of  the  Central  coal-field  in  Western  Kentucky. 
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Kanawha  and  Coal  Rivers  of  Virginia,  and  by  the  great  bed  at  Karthause 
and  Ciearfield  to  the  north.  It  marks  the  upper  limit  of  the  lower  coal- 
beds,  and  is  covered  at  no  great  distance  by  the  remarkable  sandstone 
strata  hereafter  to  be  discussed  [the  Mahoning  sandstone]. 

"This  coal-bed  sometimes  rivals  the  Pittsburg  bed  in  size  and  purity  oi' 
minerals,  but  wants  its  regularity.  This  is  its  fault  in  common  with  all 
the  beds  of  the  lower  system :  they  cannot  hold  their  own  for  any  great 
distance  in  any  given  direction.  This  is  particularly  true  of  the  large  bed 
B  [Buck  Mountain],  which  lies  nearly  upon  the  conglomerate,  and  seems 
coextensive  with  the  coal-field. 

"At  Towanda,  on  Broad  Top,  at  Johnstown,  on  the  Tennessee  River, 
even  at  St.  Louis,  its  sections  are  scarcely  to  be  told  apart.  Everywhere 
it  is  about  50  feet  above  the  conglomerate;  everywhere  it  has  a  small 
satellite  some  yards  below  it;  everywhere  it  is  itself  a  variable  stratum 
from  five  to  twenty  feet  in  thickness, — a  double  bed,  with  an  even  roof  and 
an  uneven  floor,  rising  and  falling  stormily  on  a  sea  of  fire-clay,  which 
sometimes  has  a  depth  of  thirty  feet." 

This  terse  and  graphic  description  of  the  lower  coals  demonstrates  clearly 
the  identity  of  the  Mammoth  with  E,  or  the  Freeport  beds,  and  B,  or  the 
Buck  Mountain,  with  the  last-named.  In  fact,  the  identity  is  minute  and 
unmistakable,  as  any  one  who  has  followed  us  will  determine.  It  plaoes 
tlie  Mammoth,  E,  beyond  a  doubt  immediately  under  the  Mahoning  sand- 
stone; and,  since  the  Pittsbui^  seam  is  immediately  above  it, — the  small 
seam  F  only  intervening, — ^there  can  be  no  doubt  in  relation  to  its  identity 
with  the  Primrose,  or  G. 

It  may  be  noticed  that  all  our  sections  invariably  show  a  small  seam.  A, 
under  B,  and  our  description  of  B  will  be  found  to  agree  fully  with  the 
foregoing  quotation,  with  which  we  not  only  coincide,  but  offer  it  in 
evidence  of  the  correctness  of  our  propositions.  We  may,  therefore,  pre- 
sume the  identification  to  be  complete  and  satisfactory;  while  the  evidence 
is  such  that  there  can  be  no  difficulty  in  tracing  the  respective  seams 
through  all  our  American  coal-fields,  or  those  of  the  true  Carboniferous 
era.  The  bed  B,  lying  about  50  feet  over  the  conglomerate,  and  over  it 
the  fossiliferous  hmestone  and  iron  ore;  the  beds  E,  immediately  under 
the  Mahoning  sandstone,  and  in  the  vicinity  of  the  Curlew,  or  Freeport, 
limestone;  and  the  Pittsbui^  bed  G,  over  the  Mahoning  sandstone  and 
accompanied  by  its  peculiar  limestone  and  iron  ore,  are  all  so  easily  and 
readily  distinguished  that  there  can  be  no  mistaking  them.  Confusion 
may  arise  in  localities,  owing  to  the  split  or  separation  of  seams;  but 
the  main  bed  is  always  identical  with  its  prototype,  or  the  accompanying 
sandstones,  limestones,  or  ores  will  always  indicate  the  bed  and  its 
identity. 

On  the  Great  Kanawha  the  lower  coals  are  perhaps  in  their  maximum 
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size  and  best  eoiidition,  and  present  a  magnificent  coliinm  of  14  seams  and 
60  feet  of  worltable  coal. 


THE  ALLEGHANY  COAL-FIELD   IN  PENNSYLVANIA. 

As  before  observed,  this  coal-field  embraces  13,000  square  miles  in 
Pennsylvania,  and  estends  through  24  counties.  Of  these,  13  counties 
are  but  partially  In  the  coal-field,  and  several  of  them,  as  Lycoming  and 
Sullivan,  contain  but  a  small  portion.  Eleven  counties  lie  within  the 
body  of  the  coal-field,  but  only  two  of  these  contain  the  upper  series,  or 
Pitteburg  eoal.  The  chief  mining  localities  are  Barclay,  near  Towanda, 
in  Bedford  county,  Elossburg,  in  Tioga  county,  Ealston,  in  Lycoming 
county,  Bellefonte,  in  Clinton  county,  Johnstown,  in  Cambria  county,  and 
Pittsburg,  in  Alleghany  county. 


The  above  section,  from  Taylor's  statistics,  gives  a  correct  representation 
of  the  main  basins  from  the  Alleghany  escarpment  to  Chestnut  Eidge,  a 
distance  of  30  miles.  This  section  is  north  of  the  Frostburg  basin,  hut 
taken  near  the  Maryland  line. 

The  following  table  embraces  all  the  available  data,  and  presents  a 
pretty  accurate  estimate  of  all  the  coal  mined  in  Pennsylvania  from  the 
Alleghany  coal-field.  The  items  marked  with  a  star  are  official;  those  not 
so  marked  are  approximate  e 


TABLE   OF   BITUMINOUS    COAL   MINED   IN   THE   ALLEGHANY   COAL-FIELD   IN 
PENNSYLVANIA,  1864. 

Tons. 

*BarcIay  Coal  &  Railroad  Company 54,000 

Ralston  and  vicinity 20,000 

*Blossburg 385,000 

Look  Haven  &  Tyrone  Railroad,  &e 45,000 

*Onlineof  Philadelphia  &  Erie  Railroad 27,000 

*Connel]svilIe  &  Pittsburg 146,000 

*Penneylvania  Central  Railroad 960,000 

*PennsjlYania  Oaual 32,000 

*Monongalie!a  Navigation 1,170,000 

On  the  line  of  the  Youghiogheny 500,000 

On  the  line  of  the  Alleghany 500,000 

Johnstown  and  vicinity 1,000,000 

All  other  loeiilities 1.000,000 

Total  tons  of  2000  pounds 5,839,000 
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IN   MARYLAND. 


LOCATIOSS   OF   THE   CUMBERLAND   MIKES. 


Mancliester  Coal  Company '. 

Ctunberiand  Coal  &  Iron  Co 16,: 

Borden  Mining  Company 17,  '. 

Midlothian  Coal  Compaoy ! 

Bleaniivon  Coal  Company 1 

Astor  Coal  Company '. 

Consolidated  Coal  Company '. 

New  Hope  Mining  Company ! 

New  York  Coal  Company '. 

Carbon  Hill  Goal  Company '■ 

Consolidated  Coal  Company ! 

Ward  Mining  Company 

Neff  River  Coal  Company 


Hampshire  &  Baltimore  Coal  Co....     1 

Franklin  Coal  Company 2 

Preston  Coal  Company 3 

American  Coal  Company 4 

Swanton  Coal  Company 5 

Piedmont  Coal  Company 6 

Atlantic  Coal  Company 7 

Barton  Coal  Company 8 

Potomac  Coal  Company 9 

Central  Coal  Company 10 

American  Coal  Company 11 

George's  Creek  Coal  Company 12 

Savage  Mountain  Coal  Company..,.    13 
Consolidated  Coal  Company 14 

THE   CUMBERLAND   REGION, 

The  Cumberland  coal-region  in  Maryland  belongs  properly  to  the  Great 
Alleghany  coal-field,  though  separated  from  the  great  body  of  that  field 
by  the  high  axis  of  the  N^ro  Mounta,in,  aa  shown  by  the  accompanying 
map  and  sections.  Most  of  the  coal-mines  in  Maryland  are  in  the  Frost- 
burg  basin,  denoted  by  the  town  of  that  name  on  tlie  map. 

The  Cumberland  coal-r^on,  or  that  portion  of  the  Alleghany  coal-field 
known  aa  the  Frostburg  basin,  is  about  5  miles  wide  by  30  miles  long,  or 
covers  an  area  of  150  square  miles:  some  accounts  make  it  ISO  square 
miles.  That  portion  of  the  Maryland  coal  lying  between  the  Savage 
Mountains  and  Negro  Mountain,  and  extending  across  the  State  in  a  narrow 
trough,  as  represented  by  figure  120,  contains  about  130  square  miles;  and 
the  trough  or  basin  on  the  Youghiogheny,  between  Negro  Mountain  and 
Laurel  Hill,  or  Briary  Mountain,  contains  250  square  miles;  making  the 
total  area  of  the  Alleghany  coal-field  in  Maryland  about  550  square  miles. 
Fig.  120. 


The  erosion  or  denudation  of  the  coal-strata  in  the  Frostburg  basin  has 
been  excessive.  Of  the  100,000  acres  of  eoal-area  in  this  basin  only 
20,000  are  now  estimated  as  containing  the  Big  vein,  or  the  upper  large 
workable  seam,  and  only  80,000  acres  containing  the  lower  workable  bed, 
as  the  sections  farther  on  will  show. 


n  by  Cookie 


334  TUB   GEEAT    ALLEGHANY    COAL-FIELD 

The  accompanying  transverse  section,  figure  120,  from  Taylor's  statistics, 
illustrates  the  connection  of  the  Maryland  with  the  Pennsylvania  coal,  as 
shown  in  figure  119.  But  that  section  did  not  embrace  the  Prostburg 
basin,  as  this  (figure  120)  does. 

The  Frostburg  basin  extends  on  the  northeast  into  Pennsylvania,  and 
on  the  southwest  into  Virginia.  The  distance  through  Maryland  is  about 
20  miles.  It  is  convex^shaped,  or  an  oblong  basin,  rising  slowly  to  the 
north  and  south,  along  the  strike  of  the  seams,  from  a  common  centre  near 
the  mouth  of  GJeorge's  Creek,  or  its  confluence  with  the  Potomac,  and  more 
rapidly  east  and  west,  or  to  the  outcrops  of  the  seams,  on  the  face  of  the 
Dan  and  Great  Savi^e  Mountains. 

The  rise  of  George's  Creek  from  its  mouth,  near  Piedmont,  to  its  source, 
near  Frostburg,  is  1100  feet.  But  the  lise  of  the  seams  which  strike  in 
the  same  direction  is  not  proportionate  to  the  rise  of  the  streams.  It  will 
be  noticed  in  figure  122  that  the  positionof  the  Big  vein  is  nearly  1000 
feet  above  Piedmont,  and  yet  considerably  lower  than  the  town  of  Frost- 
burg. The  longitudinal  rise  is,  therefore,  almost  imperceptible,  yet  sufficient 
to  affect  the  drainage  of  the  mines  or  seams  in  the  direction  of  the  natural 
water-courses  of  the  country.  This  is  a  fortunate  coincidence,  but  one  that 
is  peculiar  to  all  nan-ow  basins  in  the  Alleghany  coal-field,  with  but  few 
exceptions,  and  is  in  evidence  that  such  basms  have  not  been  disturbed  by 
an  elevating  or  contracting  process  since  their  original  formation,  but  that 
they  were  formed  in  basins  having  much  the  same  form  as  the  coal-basins 
now  filling  them.  Sedimentary  deposits  in  basins  of  moderate  angles  are 
uniform,  and,  consequently,  the  deeper  portions  of  the  basins  successively 
preserve  their  basin-shape,  as  strata  after  strata  are  deposited  therein.  The 
draini^e,  therefore,  naturally  tends  to  the  deepest  points,  and  seek  their 
outlets  by  the  lowest  or  nearest  gaps  in  the  bounding  mountains ;  or  tJie 
accumulated  waters  burst  their  way  towards  the  ocean  through  the  soft 
mud  barriers  soon  after  the  waters  of  the  ancient  inland  sea  found  vent  by 
the  depression  of  its  granite  rim. 

In  figures  121  and  122  will  be  found  a  representation  of  the  topography 
and  erosion  of  the  Frostburg  basin.  There  are  some  who  are  disposed  to 
grumble  at  the  dispensations  of  Providence,  and  wlio  would  prefer  to  have 
a  larger  shsre  of  the  "  Big  vein"  than  nature  has  allotted  them ;  but  such 
ungrateful  creatures  would  not  be  satisfied  even  if  this  great  bed  lay  un- 
broken from  Vii^nia  to  Pennsylvania.  We  may  consider  evay  gorge  or 
deep  ravine  that  has  been  cut  through  the  coal  measures  of  the  AUeghaiiv 
coal-field  as  adits  or  levels  to  drain  the  coal-basins.  Every  stream,  like 
George's  Creek,  which  develops  a  rich  basin  saves  more  millions  in  shafts, 
machinery,  and  constant  expenses  of  operation  than  we  could  now  estimate. 
Were  the  Frostburg  basin  in  the  condition  of  the  Newcastle  coal-field  in 
England, — as  it  would  be  were  it  not  for  the  deep  cTOsion  of  the  streams, — 
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it  would  be  almost  inaccessible,  under  present  circumstances.     We  think 
the  frequent  and  deep  erosions  of  our  great  coal-fields  a  fortunate  occurrence, 


a,  a,  leyel  of  the  Potomac 
A,  B,  C,  n,  E,  F,  ooal-Bcaio; 
the  deepest  part  of  the  Froai 


e  mouth  of  George's  Creek;  i,  mouth  of  George's  Creek; 
o.  elevation.     It  will  be  noticed  that  George'a  Creek  is 


Tide-lerel  is  represented  by  a,  a;  b  is  the  mouth  of  George's  Creek  at  Weatemport ; 
e.  Mill  River;  if,  Laurel  Eun;  e,  Koontz  Run;  /,  Squirrel  Neck  Run;  g,  Wright's  Run; 
k,  Frostburg. 

and  one  which  will  eventually  exert  a  great  economy  in  the  development 
of  the  mineral  wealth  of  our  country. 

These  sections  represent  pretty  fiiirly  the  entire  Cumberland  region,  and 
show  the  seams  in  their  relative  position.  The  position  of  the  seams,  how- 
ever, would  be  more  correctly  located  in  a  vertical  section,  which  we  will 
endeavor  to  give  if  ive  can  obtain  reliable  data  in  time.  But  figures  121 
and  122  offer  conclusive  proof  of  tlie  geological  horizon  of  the  Big  vein, 
and  its  identity  with  our  Mammoth  bed  in  the  anthracite  regions.  We  have 
not  yet  been  able  to  get  the  exact  distaueea  from  the  conglomerate  to  the 
great  sandrock  over  the  Mamraoth,  or  the  distances  between  the  seams ;  but 
the  position  and  order  of  the  seams  correspond  precisely  with  the  sections 
we  have  given  in  the  anthracite  regions.  A  is  a  small  seam,  and  not  con- 
sidered workable ;  B  is  a  seam  of  fair  dimensions,  averaging  from  5  to  6 
feet,  and  corresponds  with  the  Buck  Mountain ;  C  is  a  small,  unworkable 
seam,  and  occupies  the  place  and  partakes  of  the  character  of  Gamma ; 
D  is  a  fair  seam,  corresponding  to  the  Skidmore  in  the  anthracite  regions ; 
and  E  is  the  "Big  vein,"  and  identical  with  the  Mammoth. 
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STATISTICS  OF  THE  CUMBERLAND  COAL-TRADE, 

FROM  ITS  COMMENCEMENT, 

Compiled,  from  Official  Sources,  hy  C.  Slack.  Mount  Savage,  Md. 
TABLE  1.— Details  of  Tear  ise^. 


,m. 

an,p^.l.ithlS«, 

«a».ofC™.p..y. 

ToB,.0,R.R 

T„C,.O.C«„ 

I«^. 

Total. 

I,K..... 

reo^w. 

T 

T 

T 

™ 

n. 

Amer      n  C    1  C 

Ceatr  1  C  M   &  M  C 

Piedm     t  t    1  a  I    n  C 

Swun       M  Ding  C 

Potom      C    IC 

Georg      C      kC  al&I    nC 

Hamp  h       &  B  It  t  al  L 

Heff  R       C    1  C 

Froatb     gC    IC 

Conaolid  t      C    1  C 

Bordan  M  lu  g  t 

New  H  pe  M  n 

Midlo  h    n  C     1  t 

Barto    C     IC 

Georg      (\     k  M  n  Dg  C 

Frankl  n  C    1  C 

Atlanl     &.Q  C  i. 

cumb  I   dc  lai     c 

Bl(8n-A        C    I 

Astor  C     1  f 

Hamp  h       &  B  1    C    1  C 

8  953 
19  677 
214  8 
21456 

6060 
41644 

8  071 

4  OS 
10  066 

5  11 
14  862 

S    96 

8109 

7  111 

0  721 

44  95S 

2-5 

59  414 

8  1 

481 

44  5-; 

54    68 
89  8b4 

15  9 
58  2 
4  701 
ir665 
38  0>2 
1    98 
6  096 

68  10 
1  5  0 

568 
8 

1565 

3  774 

253 

6  466 

16 
6    09 

93 

G    80 
69  54B 
22  2 
1459 

6  060 
48  209 

19  048 
18  804 
15  019 
8S641 
53100 

8  987 

8  87 

7  111 

20  7  1 
44  968 

1      416 

9  851 
481 

44  65 

9  068 

651 

59 

8  269 

10  561 

88  641 

8    21 
41 

J3 

431 
8h0 

76  7 

9      J 

7  5 

516  2 

815(,0 

8  309 

d4  841 

8    02 
13  941 

8(7,684 

2a8,642 

21,6/0 

657,996 

88,607 
Tola)  Decrrs, 

178,956 
88,607 

».  90,349 

RECAPITULATION. 

By  CiimberlaDd  &  Pennajlvania  R.  E.  to  Baltimore  &  Ohio  R.  R..  205,456  tons. 

"       to  Canal 194,120     " 

"  "  "      to  Local 21,670     " 

^  481,246 

By  CumberlBnd  Coal  &  Iron  Co/9  R.  R.  to  Baltimore  &  Ohio  R.  R,     67,676 

"  "  "  "      to  Canal 64,522 

.—  182,198 

By  HampBhire  &  Baltimore  R.  R.  to  Baltimore  &  Ohio  E.  R 44,552 

Total  1864 6. 
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CHAPTEE   XVIII. 

WEST  VIRGINIA. 

Area  of  Coal  Formation  in  West  Virginia— Tbe  Great  Kanawha~The  Coala  of  Weal.  Vir- 
ginia—Salt- Wells  and  tlie  Manufacture  of  Salt  at  the  Kanawha  Salines— Oil— Iron  Orea— 
Sections  of  Formation— Identification  of  the  Coal- Beds— The  Great  Kanawha  Valley- 
Map— Description— Route  of  Great  Freight-Line  from  East  to  West— Valley  of  Virginia- 
Region  of  Brown  Hematites— Copper  Region— Magnetio  Iron  Ores— Lead— The  Cold 
Belt— Coal  Oil  from  the  Cannel  Coal— Eastern  Kentucky— Identification  of  the  Coal-Beils 
—East  Tennessee— Alabama— Ohio— Production  of  the  Alleghany  Coal-Field. 

West  Virginia  contains  a  larger  portion  of  the  Alleghany  coal-field 
than  any  of  the  States  enumerated  through  which  it  extends.  Over  16,000 
square  miles  of  this  great  coal-field  lie  in  "Western  and  Eastern  Virginia: 
of  this  area,  however,  only  a  few  miles  exist  in  Old  Virginia,  on  the 
eastern  edge  of  the  field,  in  the  southwest, — perhaps  less  tlian  150  square 
miles  of  available  coal.  But  the  best  and  most  available  portion  of  the 
Alleghany  coal-field  lies  in  West  Virginia,  and  the  greater  portion  of  its 
vast  area  is  naturally  opened  to  development  by  the  numerous  streams 
which  traverse  its  &ce  from  east  to  west. 

The  Great  Kanawha  River,  running  off  at  right  angles  from  the  Ohio, 
traverses  the  richest  portions  of  the  Great  Alleghany  coal-fields,  cutting 
the  eoal  measures  of  the  region — 2000  feet  thick — to  their  base,  and  de- 
veloping their  exhaustless  mineral  treasures  in  the  most  available  manner 
for  practical  production.  But,  after  performing  this  most  acceptable 
service  to  the  future  prosperity  of  the  West,  it  renders  the  benefits  con- 
ferred still  more  valuable,  by  dividing  the  otherwise  impassable  Appa- 
lachian chain  at  right  angles,  and  taking  the  nearest  course  to  the  waters 
of  the  East,  thus  opening  the  moat  available  route  from  the  great  rivers 
of  the  West  to  the  seaports  of  the  East,  and  connecting  the  minerals  of 
the  older  geological  formations — the  iron,  lead,  copper,  &c, — ^with  tlie  coal 
of  the  Alleghany. 

The  Kanawha  w^ion  is  still  undeveloped,  and  the  prize  long  sought  by 
the  dilatory  Vii^nian  slave-master  is  still  to  be  accomplished  by  the  enter- 
prise of  free  labor.  In  no  other  portion  of  our  country.  North  or  South, 
are  there  more  inviting  prospects  to  labor,  enterprise,  and  capita!  than  is 
now  presented  in  the  Great  Kanawha  Valley.  Not  only  its  unlimited 
mineral  resources  invite  attention,  but  the  best  portion  of  the  trade  of  the 
great  Mississippi  Valley  may  be  diverted  into  the  channel  of  the  Kanawha 
by  ordinary  means.     To  those  who  have  observed  the  prodigious  growth 
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of  that  trade,  and  the  still  superior  proportions  it  must  assume  in  the 
fiiture,  the  questions  we  are  discussing  of  this  new  route  to  the  East  will 
not  be  a  matter  of  speculation,  but  of  necessity.  The  routes  now  provided 
will  not  accommodate  it,  while  the  superior  advantages  offered  by  this 
route,  in  the  hands  of  a  free  and  enterprising  people,  cannot  fail  to  attract 
attention.  The  distance,  the  elevation,  the  freedom  from  ice,  and  the 
constant  supply  of  water  from  the  mouth  of  the  Kanawha,  all  present  im- 
portant and  available  advantages  which  cannot  be  overlooked. 

DISTANCES  PROM  EAST  TO  WEST. 

It  will  be  noticed,  by  the  table  of  distances  given  below,  that  the  distance 
from  the  head  of  navigation  on  the  Kanawha  to  the  head  of  navigation 
on  the  James  River,  at  Richmond,  is  320  miles, — or  thir^-six  miles  less 
by  land  than  from  Pittsburg  to  Philadelphia;  with  a  saving  in  distance 
by  water  from  Cincinnati,  as  a  centre,  of  200  miles.  It  is  also  sixty-three 
miles  leas  by  rail  than  the  distance  from  Parkersburg  to  Baltimore,  with 
about  the  same  distance  by  water. 

Tahh  of  Distances.  -^.^^^^^ 

Charleston  to  New  Orleans,  by  water 1847 

Charleston  to  CincinDati,            " 269 

Charlestotr  to  Point  Pleasant,     "        60 

Charleston  to  Parkersburg,        "        132 

Charleston  to  Pittsburg,              "        261 

Gliaileston  to  Philadelphia  via  Pittsbni^ 617 

Charleston  to  Baltimore  wia  Parkersburg 515 

Charleston  to  Richmond,  Virginia,  via  Covington  &  Ohio  Railroad  320 

Charleston  to  Richmond,  Virginia,  via  "Central" 351 

Cincinnati  to  Philadelphia  it'a  Pittsburg 816 

Cincinnati  to  Baltimore  wo  Parkersbnrg 671 

Cincinnati  to  Richmond  via  Charleston  and  Covington 589 

Cincinnati  to  Richmond  via  Charleston  &  Centra! 610 

THE  COALS  OF  TUE  GREAT  KANAWHA  BEGION, 

As  we  shall  specially  describe,  are  of  various  constituencies,  and  are 
adaptable  to  all  the  requirenienta  of  the  trades  and  manufactures.  The 
hard  and  caMng,  with  the  fat  and  gaseous  bituminous,  the  variable  splint, 
and  the  rich  aud  oily  cannel,  are  all  found  In  the  same  mountains,  and  are 
all  accessible  to  the  miner  and  to  navigation,  through  the  agencies  of  the 
eroding  waters,  which  have  exposed  coal  in  a  thousand  places. 

The  avenues  to  markets  afford  the  cheapest  and  most  available  trans- 
portation on  navigable  rivers;  while  the  markets  themselves  are  unlimited 
in  extent,  and  rapidly  increasing  their  consumption. 
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The  whole  valley  of  the  Mississippi  is  open  heyond  controlling  com- 
petition to  the  trade  and  the  production  of  this  region,  while  the  present 
avenues  to  the  East  and  the  commerce  of  the  world  are  but  little  less 
available  than  from  the  older  and  more  developed  centres,  with  this  ad- 
vantage ever  open  to  the  Kanawha  region, — that  a  route  may  be  coii- 
atrncted  having  every  advantage  over  the  most  fiivorable  avenues  of  trade 
now  open  from  the  East  to  the  West. 

This  is,  therefore,  the  natural  mining  and  maimftuitwnng  centre  not  only 
of  West  Virginia,  but  of  the  Great  Alleghany  coal-field;  and  liad  the 
Virginians  any  share  of  free  enterprise  and  energy,  Charleston  would  long 
ago  have  been  a  formidable  rival  to  Pittsbnrg. 

Looking  to  the  natural  results  of  location  and  availability,  now  that 
this  mi^nificent  region  is  open  to  free  labor  and  a  corresponding  develop- 
ment, we  may  anticipate  for  Charleston  the  dignity  of  the  State  capital  at 
no  very  distant  day,  or,  what  may  be  better,  the  metropolis  of  the  mining 
and  manufacturing  interests  of  the  West- 
Coal  River,  Elk  Eiver,  and  Gauley  diverge  from  the  Great  Kanawha 
and  spread  their  branches  over  one  of  the  richest  and  most  magnificent 
coal-regions  in  the  world,  and  bring  down  their  wealth  to  one  common 
centre  on  the  Great  Kanawha;  or  such  might  and  may  be  the  result 
under  future  developments. 

The  coals  of  this  region,  generally,  are  better,  purer,  and  more  available 
for  all  the  requirements  of  trade  and  manufacture  tlian  the  coals  of  any 
other  portion  of  the  Alleghany  coal-field.  The  seams  of  coal  are  more 
numerous  and  their  thickness  greater  than  in  any  other  portion  of  this 
coal-field;  it  can  be  mined  cheaper  and  with  more  economy  generally, 
under  the  same  rates  of  labor,  than  in  any  other  region  in  this  country 
without  exception.  The  markets  of  the  West,  or  the  great  Ohio  and 
Mississippi  Valleys,  are  open  beyond  any  controlling  competition  to  the 
trade  of  the  Kanawha  in  coal,  oil,  salt,  iron,  and  lumber.  Charleston 
is  200  miles  nearer  Cincinnati  than  Pittsburg,  and  always  open  to  naviga- 
tion; while  the  Ohio  to  Pittabui^  is  frequently  closed  by  ice  in  the 
winter  and  interrupted  by  low  water  in  the  summer.  The  princij)al 
volume  of  the  great  and  rapidly  increasing  trade  of  the  West  may  ho 
diverted  to  the  seaports  of  the  East,  via  the  Kanawha  Valley,  with  much 
economy  in  time  and  transporting  power. 

We  do  not  make  these  remarks  as  invidious  comparisons.  Nothing  we 
can  say  will  detract  from  Pittsburg ;  nor  do  we  wish  to  say  one  word  against 
that  noble  city  and  her  vast  resources.  We  only  wish  we  could  say  to  the 
helpless,  dilatory  Virginians,  "Go  ye  and  do  likewise;"  and  we  would 
willingly  show  them  the  way. 

The  geologica]  reports  on  the  coals  of  West  Virginia  make  the  number 
of  workable  seams  to  be  13 ;  but  14  have  been  developed  on  the  dividing 
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ridge  between  the  waters  of  the  Great  Kanawha  and  Coal  Rivers,  on  a  line 
with  Lenn's  Creek,  and  in  ail  probability  these  are  all  below  tbo  Pittsburg 
eeam.  But  here  every  seam  appears  to  have  reached  a  maximum  size  for 
the  bituminous  formations.  While  B  and  E  are  not  as  large  as  found  in  a 
few  other  localities,  the  intervening  seams,  which  in  other  portions  of  the 
field  are  of  no  commercial  or  workable  value,  are  here  found  in  workable 
size,  or  from  2  to  3  feet  in  diameter.  The.  number  of  workable  seams  are 
greater  than  those  found  within  the  same  measures  in  Pennsylvania  any 
place,  not  excepting  the  anthraeite  fields,  though  the  total  amount  of  coal 
is  less  than  that  which  is  found  at  many  points  in  the  anthraeite  regions. 
But  were  we  to  count  all  the  seams,  both  small  and  large,  in  the  western 
part  of  the  anthraeite  measures,  they  would  correspond  nearly  with  the 
coal-seams  found  on  the  Great  Kanawha.  "We  have  stated  our  belief, 
howeyei-,  that  the  cannel  coal-seams  have  no  counterpart  in  the  anthracite 
regions, — ^that  they  appear  within  the  rich  bituminous  shale,  which  does 
not  exist  in  the  Eastern  measures;  and,  consequently,  three  of  the  nume- 
rous seams  in  the  Kanawha  section  are  thus  accounted  for. 

We  may  also  here  notice  a  fact  which  may  be  interesting,  and  which 
may  have  some  connection  with  the  divisions  of  the  seams  in  this  locality, 
or  vice  versd. 

It  will  be  found  farther  on  that  the  coal  measures  in  Western  Kentucky, 
and  in  the  same  general  geological  range  or  position  in  the  great  basin 
with  the  Kanawha,  are  in  like  manner  divided  and  represented  by  nume- 
rous small  seams  instead  of  a  few  large  ones,  as  in  some  portions  of  the 
anthracite  regions,  where  the  coal  measures  reach  the  same  elevation. 

The  seams  which  we  give  in  the  following  table  exist,  we  have  reason  to 
believe,  under  the  Pittsburg  seam,  and  do  not,  therefore,  represent  all  the 
productive  coal  measures  of  West  Virginia.  There  are  still  several  seams 
found  in  the  higher  grounds  back  from  the  river,  or  on  the  head-waters  of 
Elk,  Coal,  Gauley,  and  other  large  streams  emptying  into  the  Great 
Kanawha;  also  on  the  Little  Kanawha,  Guyandotte,  Big  Sandy,  &c.  Yet 
we  have  not  found  the  same  productive  condition  in  any  other  part  of  the 
Great  Alleghany  coal-field  as  compared  with  the  measures  between  Coal 
and  Kanawha  Eivers,  The  thickness  of  the  strata  ia  estimated  in  this 
table,  but  the  seams  have  been  practically  developed, 

A  short  distance  above  the  conglomerate  a  small  seam  exists,  not  con- 
sidered workable.  But  about  fifty  feet  from  the  conglomerate  a  variable 
seam  is  found,  ranging  from  five  to  ten  feet  in  thickness:  this  coal 
in  all  probability  lies  below  the  level  of  Lenn's  Creek,  at  the  forks,  and 
Is  not  found  above  water-level.  Above  this  exists  tlie  large  seam  of 
iron  ore  to  be  noticed  farther  on.  The  third  scam  of  coal  appears 
to  be  small,  but  varies  from  two  to  four  feet.  The  fourth  is  a  cannel  coal 
of  about  four  feet,  but  varies  from  three  to  six  feet.     The  fifth  scam  is  a 
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Iiard  bituminous,  ranging  from  two  to  four  feet  in  thickness.  The  sixth 
is  likewise  bituminous,  but  not  generally  over  three  or  four  feet  thick,  and 
is  sometimes  smaller.  The  seventh  seam,  sometimes  cannel  coal,  ranges 
from  three  to  five  feet  thick.-  The  eighth  and  ninth  are  hard,  bituminous 
seams,  from  thirty  inches  to  four  feet  thick.  The  tenth  seam  is  generally 
large,  ranging  from  seven  to  ten  feet,  but  is  divided  by  fire-clay,  which 
sometimes,  in  practical  effect,  makes  two  workable  seams  of  the  one. 
The  eleventh  is  a  fine  cannel  seam,  known  as  the  "Peytona"(?)  cannel,  five 
to  six  feet  thick.  The  twelftli,  thirteenth,  and  fourteenth  are  not  opened 
or  developed,  but,  from  appearances,  are  kuown  to  be  seams  of  good  work- 
able dimensions,  and  one  of  them  is  supposed  to  be  cannel.  The  average 
dimensions  of  the  seams  and  the  thickness  of  the  intervening  strata  are 
about  as  given  in  the  accompanying  table; 


DIMENSIONS   OF   REAMS   AND   THICKNESS   OF   STRATA   ON   THE   LAND 
BETWEEN   KANAWIiA  AND   COAL   IIIVERS* 
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THE  GREAT  KANAWHA  AS  A  MINING  AND  MANUFACTURING  REGION. 
We  do  not  propose  in  this  connection  to  devote  much  space  to  the 
consideration  of  salt,  oil,  or  iron  ore  separate  from  their  connection 
with  coal;  but  we  wish  to  call  especial  attention  to  this  magnificent 
region,  which  has  been  so  long  overlooked  or  neglected  by  capitol 
and  enterprise, — locked  up  as  it  were  by  the  evil  genius  of  the  slave- 
power. 

The  salines  of  the  Great  Kanawha  have  been  celebrated  and  productive 


*  The  thickness  of  tJia  i 
The  coal-aeams,  however,  i 


easures  is  perhaps  exaggerated,  aa  they  D 
e  aotual  dcTclopmeiita  as  far  as  No.  11. 
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for  a  period  of  fifty  years;  and,  though  the  brine  is  not  so  dense  or  satu- 
rated with  salt  as  the  production  of  many  of  our  best  salines,  the  availa- 
bility and  cheapness  of  the  material  and  means  of  evaporation  render  the 
economy  of  manufacturing  more  favorable  t)ian  that  of  most  salines,  and, 
we  should  infer,  equal  to  the  best. 

Take  one  instance, — which  will  cover  all;  for  the  same  means  are  avail- 
able to  all,  A  salt-well  is  bored  to  the  salt-strata  and  through  the  upper 
or  heavy  oils,  and  carefully  tubed  to  the  brine.  The  well  is  then  bored 
from  500  to  1000  feet  deeper,  until  the  gas  of  the  second  or  light  oils  is 
struck,  as  shown  by  figure  000  under  the  head  of  Petroleum.  Sometimes 
this  gas  exists  in  such  a  state  of  tension  that,  on  being  tapped,  it  bursts 
forth  with  the  violence  of  gunpowder.  But  this  violence  is  soon  blown 
off,  and  the  gas  continues  to  flow  with  considerable  force,  or  with  force 
enough  to  blow  the  brine  up  the  tube  and  into  the  aalt-works,  and  then, 
passing  on  to  the  fire,  under  the  evaporating  furnaces,  is  there  used  as  fuel 
instead  of  coal.  The  gas  thus  pumps  the  brine  into  the  tanks  and  evapor- 
ates it  in  the  kettles.  With  proper  fixtures  and  mechanical  arrangements, 
the  cost  of  producing  salt  under  such  circumstances  would  be  merely 
nominal.  We  cannot  see  how  any  other  mode  could  be  more  economical : 
even  if  solar  evaporation  be  used,  the  cost  of  pumping  is  saved. 

Our  remarks  on  the  oil  or  petroleum  of  this  region  will  be  resei-vcd  for 
a  more  appropriate  place  in  another  chapter.  We  may  state,  however,  that 
the  region  of  gas  above  mentioned  lies  immediately  over  the  great  reser- 
voirs of  oil  which  have  been  so  productive  in  Pennsylvania  and  on  the 
Little  Kanawha  in  this  State. 


Though  this  subject  also  Irelongs  appropriately  to  another  part  of  this 
book,  we  feel  justified  in  noticing  it  here,  since  this  region  is  a  terra  incog- 
nita to  the  iron-master. 


Two  prominent  seams  of  iron  ore  exist, — one  as  shown  by  figure  1 24,  on 
its  proper  geological  level  over  B,  as  found  and  worked  at  Johnstown, 
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Cambria  county,  Pennsylvania,  and  which  exist  in  variable  quality  and 
quantity  wherever  this  seam  of  wal  exists.  In  some  places  it  is  rich  and 
productive,  while  in  others  it  is  lean  and  worthless.  Here,  however,  it  appears 
at  the  surface  as  a  brown  oxide  of  gi-eat  richness,  yielding  60  per  cent,  of 
metal  in  the  furnace ;  but  the  bed  is  naturally  a  calcareous  ore,  where  not 
oxidized,  yielding  here  from  40  to  45  per  cent,  of  metallic  iron.  Its  size 
is  from  3  to  4  feet  when  in  its  best  condition,  accompanied,  however,  by 
leaner  shales  or  ai^illaceons  ores.  The  second  seam  of 
_^  -1_  ore  is  generally  argillaceous  and  not  very  rich.     Its 

proper  position  is  between  E  and  D,  and  near  the  Free- 
port  or  Curlew  limestone,  which  underlies  the  lower 
bench  or  bed  of  E.  In  the  anthracite  i-^ions ..,  imme- 
diately underlies  the  Mammoth ;  but,  an  we  have  several 
times  stated,  the  Mammoth  divides,  in  its  westward 
spread,  and  forms  several  seams  in  the  bituminous 
L   regions. 

Figure  123  represents  the  general  form  or  topo- 
graphy of  the  valley  from  Elk  Kiver  on  the  north,  at 
a,  to  Coal  River  on  the  south,  at  c.     While  tliis  is  a 
transverse  section  of  the  valley,  it  is  through  a  longi- 
tudinal portion  of  the  Great  Alleghany  coal-field.   The 
figure  gives  an  approximate  representation  of  the  main 
strata;  but  a  more  comprehensive  and  systematic  detail 
S    is  given  in  figure  124  of  the  coal  measures.     But  in 
C   vertical  section,  figure  189,  under  the  head  of  Petro- 
leum, will  he  found  tlie  order  of  succession  in  which 
the  oil,  salt,  and  coal  exist  in  this  valley. 
I         In  figure  124  we  give  the  approximate  places  of  the 
coal-seams,  iron   ores,   and   principal   limestones.     It 
will  be  found  to  differ  slightly  from  the  generalized 
section  representing  the  coal  measures  of  the  Alleghany 
field,  but  the  difierence  simply  exists  in  a  greater  num- 
ber of  seams,  or  the  enlargement  of  seams  which  are 
C    generally  too  small  to  be  enumerated. 
I_        In  figure  124  the  letter  C  represents  cannel  coal, 
L  limestone,  and  S  Mahoning  sandstone.     The  dotted 
lines  represent  iron  ore.     The  distances  are  approxi- 
mate from  seam  to  seam,  but  the  general  position  of 
the  principal  seams  is  very  near  their  proper  geological 
horizon;   while   the  limestones,  iron   ores,  and  sand- 
vEBTicAi.  SECTION  ON      stoucs  Identify  them  with  their  cotemporarics  in  otlier 

sections. 
G,  or  the  Pittsburg  seam,  does  not  exist  on  the  river  hills,  as  may  be 
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seen  in  figure  123,  but  is  found  on  the  higher  mountains  back  from  the 
river.  This  seam  is  smaller  than  our  representation  makes  it,  and  seldom 
produces  over  four  or  five  feet  of  merchantable  coal  in  this  region.  E  is  a 
double  bed,  divided  by  about  twelve  inches  of  fire-clay,  and  B  is  also  some- 
times found  divided  in  the  same  manner  by  fire-clay.  Its  size  is  less, 
generally,  than  that  of  E,  and  more  variable,  ranging  from  4  to  10,  and 
sometimes  even  20,  feet  in  thickness.  But  when  such  great  eniargemeiits 
take  place,  several  of  the  smaller  accompanying  scams  are  merged  in  the 
main  body,  or  only  separated  by  comparatively  thin  slates  or  fire-clay  part- 
ings. When  this  seam  is  in  its  best  condition,  it  is  very  productive  and 
worked  with  much  economy.  With  rare  exceptions,  it  is  the  best  furnace 
coal  in  the  Alleghany  field,  and  whether  worked  for  such  a  purpose  at 
Blossburg,  or  Johnstown  in  Pennsylvania,  or  elsewhere,  it  ahvays  produces 
a  hard,  dense  coal  in  which  the  carbon  predominates.  But  here,  accord- 
ing to  a  natural  law  which  wo  have  before  described  and  accounted  for,  the 
coal  of  all  the  seams  contains  more  bitumen,  and  consequently  less  carbon, 
than  at  the  localities  named,  or,  in  fact,  any  point  east  and  north.  Some  of 
the  email  seams  between  B  and  E  also  produce  good  furnace  coais.  But 
their  quality  for  such  purpose  seems  to  increase  towards  the  head  of  the 
Kanawha,  or  above  Gauley,  since  the  carbon  increases  and  the  bitumen 
decreases  in  that  direction,  but,  we  must  say,  to  some  extent  at  the  expense 
of  purity.  There  are  but  few  places,  if  any,  where  the  coal  of  the  Alle- 
ghanies  is  better  in  quality  and  quantity  than  in  a  line  with  the  section 
given  in  figure  123. 

The  cannel  coal-seams  are  marked  on  the  side  of  figure  124  C,  and  are 
not  enumerated,  as  the  common  bituminous  seams  are,  alphabetically, 
because  wc  find  no  equivalent  for  these  cannel  seams  in  the  anthracite 
regions  to  which  our  nomenclature  applies  particularly. 

We  are  not  certain,  however,  that  this  conclusion  is  correct.  The  first 
regular  cannel  seam  is  found  above  B,  and  cannot  be  a  "split"  of  that 
seam,  since  the  fossiliferous  limestone  and  calcareous  ore  intervene.  It 
may  possibly  be  identical  with  C;  and  the  small  seams  found  above  it,  and 
that  which  we  have  designated  as  C  in  figure  124,  may  be  mere  enlarge- 
ments of  the  numerous  coal-strata,  which  are  too  insignificant  to  obtain 
attention  in  other  localities.  But  whether  the  cannel  coal  between  B  and 
C  be  part  of  C,  or  a  peculiar  production  of  the  bituminous  regions,  it  does 
not  invalidate  our  identification  of  the  principal  seams,  since  they  occur 
in  such  systematic  order  and  are  accompanied  by  such  unmistakable 
associates  that  their  peculiar  characteristics  are  always  prominent. 

In  order  to  present  some  of  the  advantages  of  the  Great  Kanawha 
Valley  as  a  mining  and  manufacturing  locality,  and  its  availabilities  for 
trade  and  transportation,  we  give  a  small  map  of  the  Great  Kanawha 
Valley  and  its  resources  of  iron  ores. 
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DESCEIPTION   OF   MAP. 

The  Great  Kanawha  is  known  by  this  name 
to  the  month  of  Gauley;  above  that,  it  is  known 
as  the  New  Elver,  which  takes  its  rise  among  the 
mountains  of  North  Carolina. 

No.  1  is  Guyandotte,  at  the  mouth  of  the  Guy- 
andotte  Eiver,  and  is  the  proposed  terminus  of 
the  Covington  &  Ohio  Eailroad.  No.  2  is  tlie 
location  of  Charleston,  at  the  mouth  of  Elk  liiver. 
No.  3  ia  the  site  of  Kanawha  City, — a  compara- 
tively new  place, — at  the  mouth  of  Lcnn's  Creek 
and  on  the  proposed  railroad  to  Peytona,  on  Coal 
River,  No.  4  is  the  mouth  of  Gauley  Kiver,  and 
No.  5  the  month  of  Greenbrier  Eiver.  At  this 
point  the  Covington  &  Ohio  Eailroad  enters  the 
valley  of  the  New  Eiver.  The  grading  of  this 
road  is  partially  completed.  A  short  distance 
farther  up,  at  6,  is  the  mouth  of  Sinking  Creek, 
the  most  available  proposed  route  of  a  great 
freight-line  from  the  East  to  the  West,  leaving 
tlie  New  Eiver  and  crossing  over  to  the  James, 
It  is  anticipated  that  the  maximum  grades  of  this 
route  will  be  only  20/ee(  to  the  mile,  and  the  dis- 
tance from  the  navigable  waters  of  the  West  to 
tide-water  considerably  diminished  over  the  most 
&vorable  routes  now  existing. 

No.  7  is  the  Great  Limestone  Valley,  known 
through  Virginia  aa  the  Valley  of  Virginia.  It 
stretches  from  the  cane-brakes  of  Alabama  to  the 
Valley  of  the  Hudson  and  beyond.  It  is  narrow 
a  short  distance  east  of  this  point,  on  the  high 
water-shed  between  the  James  and  the  New 
Elvers;  but  at  "Central  City"  (8)  and  farther 
west  it  widens  out  in  rich  and  extensive  plains, 
and  forma  some  of  the  finest  plantations  or  agri- 
cultural lands  in  Virginia.  It  is  really  a  dcliglit- 
ful  region,  and  destined  at  no  distant  day  to 
become  one  of  the  most  populous  and  wealthy 
districts  of  the  South. 

No.  9  is  the  location  of  Wentworth,  in  North 
Carolina,  between  Danville  and  Greensboro  (10), 


and  No.  11  is  the  position  of  Ealeigh. 


clbyGoO^IC 


IH   WEST  VIRGINIA.  347 

The  dark  spots  at  13  represent  the  great  region  of  magnetic  iron  ores; 
while  12  represents  the  gold-belt.  14  is  the  rieh  copper  region  in  South- 
western Virginia,  and  IS  is  the  region  of  brown  hematites  on  each  side 
of  the  great  valley.     16  is  the  Allegliany  range. 

Thia  region  of  iron  ores  will  perhaps  rival  any  locality  in  our  country 
— Iron  Mountain,  Pilot  Knob,  or  Lake  Superior  not  excepted — either  in 
quality  or  quantity.  There  is  no  limit  to  the  resources  of  brown  hematite 
in  this  section.  It  exists  in  massive  beds  of  great  extent,  and  ranges 
through  a  vast  area  of  country.  We  have  seen  beds  of  ore  in  this  region 
equal  to  the  celebrated  Cornwall  deposits,  and  can  state,  from  practical 
experience,  there  is  no  richer  or  purer  iron  ore  of  this  description  to  be 
found.  The  miniature  map  shows  the  coal  of  the  Kanawha  to  be  in  close 
proximi^  to  this  great  region  of  iron,  and  connected  by  a  largo  river, 
which  levels  as  it  were  the  mountains  and  grades  a  uniform  path  through 
the  huge  AUeghanies.  From  the  Ohio  River  to  the  boundary  of  North 
Carolina  the  ascent  is  easy  and  uniform,  and  the  elevation  moderate. 
The  point  at  which  the  dividing  ridge  between  the  waters  of  Vii^inia  and 
North  Carolina  may  be  pierced  by  tunnel  is  not  over  2500  feet  above  tide, 
and  only  2000  feet  above  the  Ohio;  while  the  distance  is  about  250  miles, 
or  a  common  grade  of  less  than  10  feet  to  the  mile.  But,  as  the  upper 
portions  of  the  distance  overcome  the  most  elevation,  the  grades  at  the 
summit  would  be  50  feet  to  the  mile  for  a  short  distance.  This,  however, 
would  have  no  reference  to  the  rich  hematitie  iron  region  of  the  valley. 
These  ores  may  be  reached  at  a  maximum  grade  of  20-feet  to  the  mile, 
with  a  common  descending  grade  from  the  ore  deposits  to  the  coal  of  the 
Kanawha. 

From  the  magnetic  iron  regions  of  North  Carolina  the  grades  would  be 
adverse  for  a  short,  distance  to  the  summit.  But  the  great  richness  of  the 
ores — which  yield  about  70  per  cent,  of  metallic  iron  in  the  charcoal- 
furnace — would  compensate  for  additional  freight  or  transportation.  The 
railroad  line  thus  suggested  from  the  Ohio  to  the  great  iron  and  copper 
r^ions  of  Southwestern  Virginia  and  North  Carolina  not  only  give  the 
valley  of  the  Kanawha  an  abundant  supply  of  the  richest  and  purest  iron 
ores  and  open  out  a  splendid  mineral  and  agricultural  region,  but  also 
open  direct  communication  between  Virginia,  North  Carolina,  and  the 
Great  West,  and,  we  hope,  at  no  distant  day,  the  golden  gates  of  the  far 
Pacific. 

At  No.  5  the  Greenbrier  Eiver  joins  the  New  Biver;  and  here  the 
projected  and  partially  finished  Covington  &  Ohio  Railroad  enters  the 
valley  of  the  Great  Kanawha.  This  line  connects  at  Covington  with  the 
Virginia  Central  Eailroad,  which  centres  at  Richmond.  By  this  line  the 
distance  from  tide  to  the  navigable  waters  of  the  West  is  less  than  by  any 
other  route,  and  the  grades  are  more  favorable.     But  farther  up  the  New 
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River,  at  No.  6,  is  the  mouth  of  Sinking  Creek;  and  at  this  point  a 
means  of  communication  exists  from  the  waters  of  the  West  to  those  of 
the  East,  which  has  been  long  and  singularly  overlooked.  The  moun- 
tain-rangea  here  ran  parallel  from  the  New  River  to  the  James,  and  their 
valleys  afford  the  lowest  point  of  elevation  from  the  Eastern  to  the 
Western  waters.  The  Great  Alleghany  ranges  are  cut  down  to  their  base 
by  the  waters  of  the  New  River,  while  the  waters  of  the  James  drain  its 
eastern  escarpment.  The  deep  valleys  of  the  east  cross  the  courses  of 
these  rivers :  consequently,  a  lino  from  river  to  river  along  the  valleys 
must  have  less  elevation  to  overcome  than  a  line  across  the  summit  of 
the  Alleghanies.  The  writer  examined  this  line  in  1858-59,  and,  by 
barometrical  observation,  found  tliat  the  elevation  to  be  overcome  was 
nearly  1100  feet  less  than  the  most  favorable  present  route  from  east  to 
west ;  or  the  greatest  elevation  is  less  than  1400  feet  where  the  denuding 
ridge  or  water-shod  may  be  pierced  by  tunnel. 

This  route  offers  to  Eastern  and  Western  Virginia  natural  advantages 
which  no  other  route  from  east  to  west  can  possess.  It  presents  a  line 
whose  maximum  grades  shall  not  exceed  20  feet  per  mile,  and  whose  dis- 
tance from  Richmond  or  City  Point  to  navigable  ivater  on  the  Kanawha 
is  only  about  320  miles. 

These  natural  advantages  are  so  important  and  desirable  not  only  for 
the  development  of  the  region  in  question,  but  all  the  great  West,  that 
they  raiBt  and  will  force  themselves  on  the  attention  of  the  enter- 
prising and  fer-seeing.  The  consummation  of  such  a  desirable  object 
would  lift  Virginia  from  her  present  ruin  and  desolation  and  place  her 
fairly  and  advantageously  in  emulation  with  the  progressive  Northern  and 
Western  States.  It  would  be  more  effective  in  eradicating  sectional  pre- 
judices and  strife  than  provost-marshals  or  bayonets,  lecture  or  sermon ; 
it  would  teach  our  "erring  sistei-s"  the  way  to  wealth,  power,  and  pros- 
perity, and  show  them  tliat  all  they  sought  by  ivar  and  separation  exists  in 
peace  and  union. 

Under  such  circumstances,  the  Great  Kanawha  Valley  assumes  an  im- 
portance not  hitherto  noticed  or  discussed  since  the  days  of  Washington, 
who  first  called  attention  to  this  subject  and  projected  and  predicted  what 
the  pr^ent  writer  now  only  reiterates, 

In  order  to  obtain  approximately  the  coal  production  of  the  Western 
bituminous  coal-fields,  we  shall  be  forced  to  estimate  roughly  the  amount 
of  coal  mined  in  each  State,  It  will  be  impossible  to  obtain  at  this  writing 
the  correct  figures ;  but  we  shall  not  be  fax  wrong  if  we  place  the  amount 
of  coal  produced  at  a  half-million  tons  annually  in  West  Virginia,  on 
the  line  of  the  Ohio,  and  in  the  Kanawha  Valley.  By  far  the  greatest 
quantity  of  the  coal  used  by  the  Western  steamers,  and  in  the  cities  on  the 
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Oliio,  is  mined  in  Pennsjlvania,  though  the  coals  of  West  Virginia  a. 
1  may  be  supplied  with  more  economy. 


Tlie  manufacture  of  coal  oil  from  the  rich  cannel  coal  of  the  Kanawha 
was  extensively  carried  on  in  that  region  before  the  war,  and  practical  men 
who  know  the  cost  and  have  calculated  the  profits  by  experience  state 
that,  as  a  general  rule,  more  money  may  be  made  in  manu&cturing  this  oil 
from  the  eoal  than  by  boring  for  it  and  obtaining  it  in  a  natural  state.  The 
one  is  certain  and  continuous,  while  the  other  is  uncertain  andprecarioiie.  The 
first  depends  on  skill  and  capital ;  the  second,  on  a  fortunate  "strike," — 
which,  unfortunately,  is  not  the  rule,  but  the  exception :  far  more  blanks 
than  prizes  are  drawn  from  oil-wells. 

But  when  the  manufacturing  of  oil  from  coal  is  conducted  with  the 
proper  skill  and  judgment,  the  results  are  certain.  And  in  no  place  can  this 
be  done  with  more  success  than  in  the  Great  Kanawha  Valley,  because  in 
no  other  locality  are  there  richer  coals  or  a  more  abundant  supply,  while 
timber  for  barrels  and  other  accessory  means  are  abundant  and  available. 

The  best  cannel  coal,  when  properly  treated  on  the  large  scale,  wilJ  yield 
60  gallons  of  crude  oil  to  the  ton;  and  the  cost  of  the  raining  and  manipu- 
lation ought  not  to  exceed  $2.50  per  ton, — which,  at  even  10  cents  per 
gallon  in  the  tanks,  would  leave  a  large  profit  on  the  oil  produced. 

There  is  great  improvement  to  be  made  in  the  manufacture  of  coal  oil 
from  the  coal,  and  the  cost  of  producing  it  may  be  reduced  nearly  one-half 
from  the  present  estimates,  which  is  from  25  to  30  cents  per  gallon  for  re- 
fined oil.  We  have  noticed,  particularly,  several  large  items  of  expense 
in  the  production  of  the  crude  article  which  may  be  abated,  but  which  in 
this  connection  we  shall  not  discuss :  it  belongs  properly  to  the  depart- 
ment of  Petroleum,  which  will  be  found  in  another  part  of  this  work. 

It  will  thus  appear  that  the  Great  Kanawha  Valley  is  not  only  a  great 
natural  mining  and  manufacturing  region,  but  one  that  may  enjoy  the 
greatest  tfade  that  ever  flowed  from  the  mountains  or  the  inland  plains 
and  valleys  to  the  sea.  The  coal,  iron,  oil,  and  salt  of  this  region  are 
inexhaustible,  and  may  be  produced  with  the  minimum  of  labor  and  ex- 
pense, and,  consequently,  the  maximum  of  profits. 

We  have  long  beheld  the  vast  mineral  resources  of  this  part  of  the 
Great  Alleghany  coal-field  with  professional  admiration,  and  have  fre- 
quently called  attention  to  their  value.  If  we  now  seem  partial  to  West 
Virginia,  we  can  prove  that  our  affections  have  always  turned  towards  her 
unlimited  stores  of  coal  and  iron  with  an  ardent  desu-e  to  be  able  to  pro- 
nounce the  "open  sesame"  which  should  expose  her  treasures  to  the 
world. 
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THE   ALLEGHANY  COAL-FIELD   IN   KENTUCKY. 

We  shall  briefly  present  a  few  of  the  leading  features  of  this  portion 
of  the  great  eoai-field,  since  it  is  but  little  developed,  and  presents  but 
few  points  of  special  interest,  where  the  eoal  is  intersected  by  navigable 
rivers,  since  it  lies  near  the  head  of  the  streams.  Its  margin,  of  course,  on 
the  north  Hes  along  the  Ohio ;  but  we  think  the  Big  Sandy  and  the  Cum- 
berland are  the  only  navigable  waters  which  intersect  it.  The  Big  Sandy 
runs  its  iull  length  over  or  among  coal-beds,  but  only  the  upper  waters  of  the 
Cumberland,  which  are  seldom  navigable,  reach  this  coal-field.  None  of 
the  Kentucky  railroads  penetrate  its  almost  unbroken  area,  except  a  short 
branch  at  Ironton  on  the  Ohio.  The  coal-area  occupies  all  or  part  of 
twenty  counties  in  Eastern  Kentucky,  and  embraces  an  extent  of  10,000 
square  miles.  The  western  margin  of  the  field  enters  Kentucky  near 
Portsmouth  on  the  Ohio,  and  leaves  it  near  Monticello,  a  short  distance 
below  and  east  of  which  it  crosses  into  Teunessee,  the  general  course  being 
southwest. 

The  Big.  Sandy  is  navigable  through  Eastern  Kentucky  a  distance  of 
100  miles  when  tlie  streams  are  high,  and  the  coal  is  found  either  below  or 
above  water-level  the  whole  distance.  Below  and  in  the  vicinity  of 
Louisa,  at  the  confluence  of  the  Tug  Fork  of  Big  Sandy,  most  of  the  coal 
lies  below  the  bed  of  the  river,  but  farther  up  it  commences  to  rise  above 
the  river,  and  the  seams  of  coal  which  may  lie  one  hundred  feet  deep  at 
Louisa  are  five  hundred  feet  above  the  river  at  the  Kussell  Fork.  The  dip 
is  therefore  general  and  gradual  from  the  east  to  the  west  until  the  Ohio  is 
reached,  and  from  thence  it  is  reversed  and  from  the  west  to  the  east.  Some 
distance  above  Prestonburg  considerable  coal  was  mined  before  the  war, 
the  eoal  being  floated  down  in  barges  during  high  water.  The  localities 
of  the  mines  in  this  section  are  about  half-way  up  the  sides  of  the  moun- 
tains, and,  we  should  judge,  below  the  Mahoning  sandstone. 

From  a  hasty  and  necessarily  brief  examination  during  the  year  1864, 
when  this  region  of  country  lay  between  the  lines  of  the  Rebel  and  Union 
armies,  and  when  guerrillas  had  full  sway,  we  concluded  the  largo  scam 
worked  on  the  Louisa  Fork  of  Big  Sandy  to  be  identical  with  the  cannel 
coal  over  E,  since  the  Mahoning  sandstone  seemed  to  lie  above.  The  coal 
produced  was  excellent,  and  contained  about  60  per  cent,  of  bitumen. 

Section  of  Coal  Strata  on  the  Louisa  Fork  of  Big  Sandy  above  Pre&tonburg. 

Ft. 

(eommencing  at  the  Sandstones  and  shales 90 

Coal,  cannel 5 

Slates  and  shales 60 

Coal,  small 2 

Sandstones,  &c 100 


Conglomerate,  sandstones  and  slates  h 
Coal.B 
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Coa],  C 3 

Sandstones,  shales,  &c 100 

Coal,D 4 

Sandstones,  &c 100 

Coal,  E 5 

Slates,  fire-clay,  &c. 30 


Coal,  E 4 

Slates,  shales 100 

Coal,  cancel 6 


Mahoning  si 

Coal,  38 858 


The  above  corresponds  very  nearly  ■with  the  Kanawha  section,  and  is 
almost:  identical  with  a  section  taken  on  the  Tug  Fork  of  Big  Sandy  in 
the  Kentucky  Geological  Survey.  Coal  E  is  there  wanting;  but  the  space 
evidently  admits  of  its  existence,  and  we  must  conclude  the  error  to  be 
with  the  survey  and  not  in  the  measures.  The  evidence  of  regularity  and 
uniformity  in  the  coal-seams  of  this  field  is  too  great  to  be  doubted. 

Our  exploration  of  this  portion  is  too  limited  to  enable  us  to  locate  the 
iron  ores  and  limestones  which  accompany  the  principal  seams ;  but  the 
short  investigation  we  were  able  to  make  left  no  doubt  on  our  mind  that 
they  existed  in  "place"  and  in  order  on  the  same  geological  horizon  with 
the  measures  of  Vii^inia  and  Pennsylvania. 

The  amount  of  coal  mined  in  Eastern  Kentucky  may  have  amounted  to 
300,000  tons  per  annum  before  the  war.  We  may  safely  put  it,  however, 
as  low  as  250,000;  though  since  and  during  the  war  but  a  very  small  por- 
tion of  that  amount  has  been  mined.  Nothing  has  been  done  on  Big 
Sandy,  and  but  little  if  any  mining  has  been  done  on  the  Cumberland  in 
Eastern  Kentucky  during  the  war. 


THE   ALLEGHANY  COAL-FIELD   IN  TENNESSEE. 

The  geological  reports  of  the  coal  formations  of  East  Tennessee  are  use- 
less for  all  praetical  purposes ;  and,  as  but  little  development  has  been  made 
in  mining  operations,  we  are  left  to  our  limited  knowledge  of  the  region 
in  question  for  available  data. 

The  coal  measures  are  confined  to  a  narrow  boundary,  and  occupy  the 
high  mountain-plateaus  which  terminate  abruptly  on  tlie  east,  above  the 
escarpments  of  the  huge  Cumberland  Mountains, — a  continuation  of  the 
Alleghanies, — and  are  cut  off  with  almost  equal  abruptness  by  erosion  to 
the  west.  The  eastern  mai^in  of  the  coal-field  is  parallel  with  the  moun- 
tain-formation, and  comparatively  uniform,  but  the  western  edges  are  ex- 
ceedingly irr^ular  and  zigzag  in  their  course,  which,  however,  is  generally 
in  a  southwestern  direction  and  a  continuation  of  the  line  through  Eastern 
Kentucky. 

The  coal-area  of  Tennessee  ia  about  3700  square  miles ;  but  most  of  it 
lies  in  an  inaecessible  mountain-region,  which  for  a  long  period  must 
remain  undeveloped,  while  the  more  available  districts  supply  the  wants 
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of  the  Mississippi  Valley  as  far  as  fuel  is  concerned;  and  the  same  remarks 
may  apply  with  equal  force  to  a  large  portion  of  Eastern  Kentucky.  But 
there  are  several  points  where  the  coals  of  East  Tennessee  are  available  for 
home-consumption,  and  to  a  certain  extent  for  the  Eastern  markets  in 
North  and  Middle  Georgia. 

Chattanooga  and  vicinity  may  become  a  great  manufacturing  district, 
since  the  coal  is  plentiful  and  accessible  in  thia  locality  and  iron  ore  is 
abundant  and  rich.  Before  and  during  the  war,  until  the  evacuation  of 
this  great  strategic  point  by  the  rebels,  a  large  quantity  of  coal  was  shippeil 
from  tlvis  place  to  Rome,  Atlanta,  and  other  places  in  Greoi^a,  for  the  use 
of  the  rolling-mills  and  foundries  employed  in  furnishing  munitions  of 
war  for  the  rebel  armies. 

Tliere  was  also  a  large  amount  of  pig-iron  made  here,-  and  several 
furnaces  were  succrasfully  in  blast,  turning  out  good  coke-iron.  But  aftci- 
the  occupation  of  Chattanooga  by  the  Union  forces  the  rolling-mills  of 
Georgia  were  forced  to  suspend,  for  want  of  coal,  since  there  was  no  other 
source  of  supply  except  a  small  and  undeveloped  body  of  coal  on  the 
Coosa  Eiver  in  Alabama,  some  40  or  50  miles  below  Rome. 

The  Chattanooga  mines  were  located  about  14  miles  fi-om  the  town,  on 
the  summit  of  the  Lookout  Mountain.  They  were  connected  with  the 
place  by  a  railroad  up  Wills  Valley,  or,  we  believe,  a  continuation  of  that 
valley,  through  which  flows  the  Chattanooga  Creek,  Coal  B  ia  the  only 
productive  seam  in  this  region,  though  C  and  perhaps  D  may  form  in  tlie 
centre  of  the  long  depressions  which  now  hold  the  coal  on  the  tops  of  tlie 
mountains.     It  ranges  from  4  to  10  feet  in  thickness. 

Tlie  next  prominent  point  where  coal  is  mined  to  any  extent  is  nearly 
op]>oaite  Kingston,  on  the  Tennessee  River.  Here  the  river  runs  close 
along  the  foot  of  the  Cumberland  Mountains,  and  the  coal  is  obtained 
from  their  summits.  It  is  also  mined  on  the  Cumberland  River,  and  at 
several  points  on  the  Tennessee  River  below  Chattanooga,  for  home-con- 
sumption and  use  in  the  furnaces.  The  usual  coal  production  of  Tennessee 
may  be  set  down  at  500,000  tons  per  annum.  Wc  have  not  been  able  to 
obtain  any  correct  sections  of  the  coal  on  the  Cumberland  Mountains,  but 
can  state  that  all  the  available  coal  must  exist  in  the  four  lower  seams,  A, 
B,  C,  and  D.  E  does  not  exist,  on  account  of  the  limited  thickness  of  tlie 
measures.  B  is  the  chief  productive  seam ;  its  size  is,  as  usual,  variable, 
and  ranges  from  4  to  20  feet.  The  following  transverse  section,  from 
Taylor,  gives  a  alight  impression  of  the  form  and  cliaracter  of  the  coal 
measures  in  Tennessee.  It  is  very  minute  in  scale,  and  conveys  no  idea 
of  the  great  elevation  at  which  the  coal  exists  on  the  huge  Cumberland 
Mountains,  which  tower  a  thousand  feet  above  the  valleys  at  their  base. 
From  this  elevation  the  coal  must  descend  to  transportation  on  the  Ten- 
nessee River,  since  all  the  coal  of  this  region  exists  on  the  mountain-tops. 
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',  bituminous  shale;  d.  Carboniferous 
liiaestoae ;  e,  old  red  aaadstone ;  /,  upper  Silurian. 

The  Silurian  rocks  mentioned  at/are  tiited  or  inverted  by  the  sharp  axes 
of  the  folded  gneissic  strata  which  form  the  overlying  Silurian  and  Devo- 
nian in  long,  narrow  and  steep  troughs  and  ridges  to  the  east  of  the  Cum- 
berland Mountains,  as  tlie  same  strata  are  folded  to  the  northeast  in  the 
anthracite  fields  aad  intermediately. 

ALLEGHANT  COAL-FIELD   IN   ALABAMA. 

That  portion  of  the  Alleghany  coal-field  in  Alabama  covers  4300  square 
miles  of  superficial  area,  and  forms  the  southern  extremity  of  the  field. 
Its  form  13  peculiar,  as  shown  by  the  accompanying  map,  which  is  con- 
densed, with  some  alterations,  from  the  Alabama  State  Survey  by  Prof. 
Tuomey,  and  forms  tlie  knob  on  the  handle  of  the  great  club  which  the 
Alleghany  coal-field  represents  on  paper,  as  the  map  of  Italy  takes  the 
form  of  a  boot  under  the  same  representation. 

The  end  of  the  formation  proper  would  appear  to  terminate  with  the 
high  terminal  points  of  the  Lookout  and  Sand  Mountains;  but  the 
evidence  is  unmistakable  of  a  sudden  depression  of  the  great  mountain- 
ranges  and  a  corresponding  depression  of  the  superincumbent  coal  strata. 
The  connection  has  also  been  found  to  be  almost  continuous  between  the 
coal  measures,  and  the  accompanying  millstone  grit  and  Carboniferous 
limestones  occupy,  geologically,  the  same  horizon,  or  order  of  stratification, 
which  we  find  general  in  this  coal-field. 

We  might  be  led  to  suppose,  from  Professor  Tuomey's  report,  that  the 
limestones  and  coal  measures  were  stratified  unconformably  upon  the 
Silurian  formations;  hut  such  is  not  the  case.  We  investigated  this  subject 
fully  during  a  late  visit  to  Alabama,  and  found  the  same  general  contrac- 
tion prevalent  in  the  Eastern  Paleozoic  and  Azoic  formations  whieh  we 
find  so  general  on  the  eastern  border  of  the  great  basin.  The  eastern  strata 
are  here  folded  sharply  gainst  the  gigantic  sides  of  the  Lookout  Mountain ; 
but  the  strata  in  that  mountain-range  and  that  on  which  they  rest  are  con- 
formable to  the  coal  measures,  and  not  unconformable,  as  represented  in 
Taylor's  statistics,  and  as  copied  from  Professor  Tuomey's  reports. 

The  Coosa,  Cahawba,  or  St.  Clair  coal-field,  as  it  has  been  variously 
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called,  seems  to  be  part  of  ihe  same  great  field.  But  this  portion  has  been 
depressed  to  a  greater  extent  than  the  more  western  basins,  and  slightly- 
folded  in  basin-sliape  by  the  lateral  contiwitioQ  which  folded  the  parallel 
Silurian  strata  to  the  east. 

Tlie  gi-adual  thinning  or  depreciation  of  the  Paljeozoic  strata  in  this 
direction,  though  not  so  rapid  as  it  is  westward  from  the  point  of  its 
greatest  thickness  in  Pennsylvania,  has  still  so  diminished  the  strata  inter- 
vening between  the  coal  and  the  Great  Valley  limestone  No.  11,  tliat  tljc 
Carboniferous  lime  and  this— the  Auroral  lime— are  bi-ought  almost  into 
contact,  compared  with  their  vast  distance  apart  in  the  nortlieast. 

DESCRIPTION  OF  THE  MAP. 

The  upper,  or  northern,  end  of  the  St.  C]air,  or  Coosa,  coal-field  is  near 
Gadsden,  on  the  Coosa  Kiver.  There  appears  to  be  no  immediate  connec- 
tion between  this  isolated  coal  deposit  and  the  larger  area  to  the  west,  or 
tlie  coal  of  Lookout  Mountain  to  the  north.  But  there  is  an  evident  de- 
pression of  the  great  Lookout  range  to  the  south,  carrying  the  coal  down 
with  it.  The  seams  on  the  northeast  of  this  deposit  are  extremely  thin, 
seldom  over  18  inches  thick,  but  very  pure  and  clean.  Wo  should  take 
the  only  seam  we  saw  open,  and  the  only  one  that  appeared  to  exist  at  its 
northern  extremity,  to  be  A,  or  the  lowest  coal  in  the  field.  But  about  30 
miles  ferther  to  the  south,  nearly  opposite  Talladega,  the  next  upper  seam, 
B,  is  found;  and  farther  south  a  "split"  of  B,  or  tlie  next  seam,  C,  exists. 

A  never  gets  over  3  or  4  feet  tliick  in  the  Alleghany  coal-field,  but  B  is 
sometimes  20  feet  in  thickness.  Here  it  is  about  5  feet  when  in  its  best 
condition ;  but  fitrtlier  south,  on  Broken  Arrow  Creek,  and  at  Montevallo, 
it  increases  to  10  feet, — at  the  expense,  however,  of  its  purity.  In  St.  Clair 
county,  and  particularly  the  mines  on  Trout  Creek,  the  coal  of  B  is  ex- 
cellent, containing  about  30  per  cent,  of  bitumen,  and  coking  readily.  It 
forms  a  hard,  pure,  and  silvery  coke,  of  the  best  description  for  tlie  blast- 
furnace or  cupola. 

The  seam,  where  worked  by  Raglan  &  Co.,  on  Trout  Creek,  nearly  opposite 
Talladega,  and  20  miles  to  the  west  of  that  place,  was  about  five  feet  thick  at 
the  time  of  our  last  visit  to  this  region.  It  was  worked  by  a  shallow  shaft 
near  the  outcrops  of  the  seam,  and  both  water  and  coal  were  brought  up 
by  horse-power.  The  work  was  conducted  on  the  most  primitive  order 
and  in  the  most  costly  manner;  while  the  coal  was  hauled  20  miles  in 
wt^ons,  over  the  worst  of  mud  roads,  to  the  railroad  at  Talladega,  or 
hauled  ta  the  Coosa,  and  then  floated  in  arks  down  that  rapid  and 
dangerous  river  to  Montgomery,  some  160  miles  distant.  Generally,  about 
two  out  of  every  three  of  these  arks  got  safely  through.  Yet  on  this  pre- 
carious supply  did  the  foundries  of  Montgomery  depend,  since  the  coal  of 
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Montevallo,  which  went  by  rail  to  Se!ma,  is  not  fit  for  smelting  purposes. 
In  fact,  it  is  the  worst  coal  to  be  used  as  a  fuel  that  we  ever  saw,  and  con- 
tained, besides  much  sulphur,  about  20  per  cent,  of  ash.  It  is  singular 
that  the  coal  in  the  middle  and  northern  portiou  of  this  deposit  should  be 
so  extremely  pure,  and  that  of  the  south  so  extremely  impure. 

That  portion  of  the  field  on  the  Black  Warrior  Hiver,  which  is  by  far 
the  larger  body,  may  contain  the  third  or  fourth  seam,  in  the  lower  series, 
but  we  could  not  recognize  any  above  B,  which  undulates  much,  and  comes 
ill  constantly  recurring  waves  to  the  surface;  though  in  the  extreme 
southern  edge  of  the  field  most  of  the  coal  is  below  water-level,  and 
covered  with  the  cretaceous  formation  of  the  Gulf  shores.  This  part  of 
the  field  is,  therefore,  low,  and  the  coal-seams  appear  to  dip  towards  and 
under  the  cretaceous  strata  until  lost  to  sight  and  gone  with  a  final  plunge 
under  the  Gulf.  (?)  The  strata  rise  rapidly  towards  the  head  of  the 
streams  until  they  reach  the  elevation  of  the  Lookout  range,  and  the 
plateaus  of  the  Great  Sand  Mountain,  overlooking  the  waters  of  the  Ten- 
nessee. 

Coal  has  been  worked  for  a  considerable  period  in  Alabama  at  many 
localities,  but  chiefly  on  the  Coosa,  at  Montevallo,  on  the  Cahaivba,  on 
the  Black  Warrior,  and  on  the  Tennessee  Rivers;  but  everywhere  in  the 
most  primitive  and  costly  manner. 

We  notice  Professor  Tuomey's  remarks  about  the  cheapness  of  diving  for 
coal  in  the  waters  of  Alabama,  and  we  have  no  doubt  any  mode  of  mining 
coal  would  be  cheaper  than  those  generally  practised.  We  have  seen  im- 
mense areas  of  a  coal-seam  uncovered  to  the  depth  of  ten  and  twenty  feet 
to  obtain  30  inches  of  coal,  and  that  generally  below  water-level.  Ten 
tons  of  earth  were  removed  for  every  ton  of  coal  obtained,  at  many  points 
along  the  Coosa,  when  a  simple  water-level  might  have  obtained  the  same 
coal  at  one-tenth  the  labor. 

Immense  deposits  of  excellent  iron  ore  exist  almost  entirely  around  the 
Alabama  coal  districts;  but  the  best  and  most  abundant  appears  to  lie  to 
the  east  of  the  coal.  We  have  seen  masses  of  the  richest  hematites,  that 
may  be  called  mountains  without  exaggeration,  and  beds  of  splendid  fossi- 


liferous  iron-stone  that  could  be  traced  for  a  hundred  miles,  parallel  with 
the  Coosa.  These  ores  were  used  extonslvely  in  the  charcoal  furnaces;  but 
we  have  yet  to  hear  of  a  single  coke-furnace  in  Alabama,  or  of  a  pound  of 
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iron  having  been  made  with  mineral  fuel  in  the  blastTfurnaces  of  that 
State. 

The  amount  of  coal  mined  in  Alabama  may  be  stated  at  300,000  tons 


Figure  126,  from  Taylor's  Statisties,  represents  imperfectly  the  relative 
position  of  the  coai-deposits  of  the  Coosa  and  the  Warrior.  Both  are 
represented  at  greater  angles  of  dip  than  they  naturally  assume,  and  the 
number  of  seams  on  the  Coosa  is  less  than  those  represented.  It  is 
possible,  however,  tliat  the  seams  are  repeated  by  inversion  on  the  east 
side  ©f  this  field,  as  the  strata  in  that  direction  are  slmrply  folded,  and  the 
Great  Valley  limestone  apparently  overlaps  the  coal,  much  the  same  as  it 
does  at  the  New  River  coal-field  in  Virginia. 

That  portion  of  the  field  in  Georgia  is  exceedingly  limited,  and  similar 
to  the  coal  of  Tennessee.  We  shall  not  notice  it  separately,  as  Georgia 
receives  all  her  coal  from  Tennessee,  except  such  antltracite  as  may  be 
1  at  her  porta. 


THE  ALLEGHANY  COAL-FIELD  IN  OHIO. 

The  coal-area  of  Ohio  has  been  variously  stated  at  from  5000  to  12,000 
square  miles.  We  have  taken  it  at  7100  square  miles  productive  coal-area, 
wliicli  will  be  its  maximum,  though  the  coal  measures,  including  the  Carbo- 
niferous limestone,  extend  over  one-third  of  the  State.  But  Ohio  is, 
perhaps,  as  much  diversified  and  cut  by  streams  as  West  Virginia,  though 
they  are  less  in  volume  and  length.  Those  within  the  coal-field  generally 
rise  towards  or  even  beyond  the  outcrop  of  the  coal,  and  flow  towards  the 
Ohio,  down  the  dip  of  the  measures. 

All  the  streams  feeding  the  Ohio,  except  the  Great  Kanawha  and  the 
Tennessee,  rise  within  the  margins  of  the  AU^hany  and  the  Central  coal- 
fields. Most  of  them,  however,  rise  within  the  Alleghany.  The  Ohio 
River  flows  nearly  through  the  synclinal  axis  of  the  Alleghany  basin  from 
the  great  bend  below,  and  yet  north  of  Pittsburg,  to  the  mouth  of  the 
Guyandotte;  while  the  upper  waters  of  the  Ohio — the  Alleghany,  Monon- 
gahela,  &c. — rise  within  the  vast  area  that  fills  Western  and  Northwestern 
Pennsylvania,  and  descend  towards  the  centre  of  the  basin  from  the  high 
plateaus  of  the  Alleghany  Mountains,  the  eastern  escarpment  of  which 
forms  the  Atlantic  margin  of  the  great  basin  as  it  now  exists. 

The  western  margin  of  the  Alleghany  field  is  much  lower  than  the 
eastern,  and  consequently  the  length  of  the  eastern -dipping  sti-ata  is 
correspondingly  less  than  the  western  dip.  The  coal  east  of  the  Ohio  haa 
a  general  and  gradual  dip  towards  the  Ohio;  but  the  coal  on  the  west  of 
this  river  has  a  corresponding  but  reversed  dip  towards  it  as  a  common 
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centre:  the  streams  follow,  as  a  general  rule,  the  inclinations  of  the  strata 
over  which  they  flow. 

The  highest  portion  of  Ohio  is  lower  than  the  outcrops,  or  eastern 
margin  of  the  Alleghany  field  on  the  plateaus  of  that  range;  while  the 
valley  of  the  Ohio  is  much  lower,  of  course,  tiian  the  elevations  of  that 
State.  Yet  a  large  portion  of  Ohio,  having  its  horizon  on  a  common  level 
with  the  most  productive  portions  of  the  Alleghany  and  Central  coal-fields, 
is  destitute  of  coal  or  coal-bearing  rocks.  We  can  only  account  for  such  a 
deficiency  by  the  theory  of  depression,  or  that  of  denudation.  The  last 
will  not  stand  a  critical  examination,  since  it  is  not  possible  that  an  entire 
formation  could  have  been  swept  away  by  water  without  leaving  some 
relics  of  its  former  existence.  But  we  have  seen  fhat  a  gradual  depression 
of  the  interior  of  this  great  basin  must  have  taken  place  during  or  after 
the  formation  of  coal:  we  must,  therefore,  presume  the  area  in  Ohio,  which 
is  now  destitute  of  coal,  to  have  been  above  water  during  its  formation. 

It  is  evident  that  the  interior  of  the  great  basin  lying  within  tlie  Alle- 
ghany and  Rocky  Mountains  must  have  been  at  one  time  a  vast  lake  or 
inland  sea,  having  no  connection  with  the  great  waters  of  the  globe  as  they 
now  exist.  All  the  rivers  of  the  Great  Mississippi  Valley  take  their 
rise  within  this  basin  as  it  now  exists;  though  the  Tennessee  and  the 
Kanawha,  on  the  east,  extend  beyond  the  rim  of  the  Alleghanies,  which 
form  the  natural  boundary  of  the  present  basin  to  the  east. 

This  exception,  however,  is  accounted  for  by  the  feet  that  the  ancient 
granite  boundary  of  this  vast  inland  water  was  not  so  much  depressed  in 
the  quarter  whei-e  the  Kanawha  and  Tennessee  Rivera  take  their  rise,  as 
this  granite  rim  was  depressed  both  iarther  north  and  south. 

The  final  depression  of  not  only  the  granite  rim  or  boundary  of  the 
.incient  sea,  but  the  entire  Palscozoic  structure  formed  in  that  sea  to  the 
south,  effected  its  drain^e  into  the  Atlantic  Ocean;  but  the  depression  of 
the  interior  or  central  portion  was  beneath  the  level  of  the  Atlantic,  form- 
ing the  watei-s  of  the  Gulf.  Before  this  drainage  was  effected,  certain 
portions  of  the  great  basin  must  have  been  above  water-level ;  and  that 
jwrtion  of  Ohio  which  does  not  contain  the  coal  measures  must  have  been 
one  of  these  dry  spots  or  islands.  That  portion  drained  into  the  I>akes 
is  outside  the  borders  of  the  coal-field,  and  geologically  below  the  level 
of  our  coal  formations,  and  beyond  the  influence  of  those  conditions, 
formerly  described,  which  must  exist  in  order  to  produce  coal. 

In  the  case  of  the  denuded  portions  of  Indiana  and  Illinois,  along  the 
Wabash,  we  have  evidence  of  the  former  existence  of  coal;  but  over  the 
space  which  adjoins  the  non-earbonifcrous  portions  of  Ohio  the  former 
ai^uments  hold  good.  The  great  coal-fields,  however,  which  lie  to  the 
west  of  the  All^hany  field,  formerly  existed,  in  all  probability,  in  an 
unbroken  body.     That  portion  of  the  Great  Central  field  which  lies  in 
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Indiana  and  Kentucky  is  only  divided  from  Illinois  by  the  valleys  of 
the  Wabash  and  Ohio  Rivers,  and  we  cannot  doubt  its  former  existence  as 
a  whole.  We  have,  therefore,  given  it  as  a  gjeat  coal-field,  under  the 
name  of  the  "Central;"  and  this  title  may  apply  with  equal  propriety  to 
the  coal-field  in  Missouri  and  Iowa,  which  is  only  divided  from  the  Central 
by  the  Mississippi,  and  the  denuded  area  which  has  been  swept  away  by  its 
vast  waters.  We  believe  these  great  coal-fields  once  formed  one  unbroken 
coal-area,  and  may  therefore  be  appropriately  named,  as  a  whole,  the 
"Great  Central  coal-field,"  though  we  have  named  them  respectively  the 
"Central"  and  the  "Western."  But  the  time  may  come  when  the  develop- 
ments of  the  West  will  render  the  term  "  Western,"  as  applied  to  the  coal 
of  Missouri  and  Iowa, ; 


COAL  MEASURES. 

The  coal  measures  of  Ohio,  lying  immediately  west  of  tlie  Ohio  River, 
contain  the  same  eoal-seams  which  the  corresponding  measures  contain 
on  the  opposite  side  in  Pennsylvania,  West  Virginia,  and  Kentucky, 
Opposite  Pittsburg  and  Wheeling,  the  upper  coals  are  found  in  Ohio,  and 
of  course  all  the  lower  eoale.  But  to  the  north,  and,  in  fact,  all  points 
towards  the  margins  of  the  eoal-fleld,  the  seams  decrease  in  number,  as 
they  do  in  all  coal-fields.  The  underlying  seams  always  cover  the  greatest 
area,  .while  the  upper  seams  are  the  most  contracted,  on  a  natural  principle 
developed  in  all  basin-formations.  When  the  basin  is  deep  and  narrow, 
the  dip  of  the  measures  or  strata  is  great,  and  the  respective  areas  occupied 
by  the  upper  or  lower  measures  do  not  differ  greatly.  But  when  the  basins 
are  shallow,  or  the  dips  of  the  measures  very  gentle  and  the  basins  very 
wide, — as  in  the  present  case, — the  edges  or  outcrops  of  the  lower  seams 
are  always  of  far  greater  extent  than  the  upper  seams,  as  may  be  seen 
exemplified  in  any  conical  hill  where  the  strata  are  nearly  horizontal.  All 
this,  of  course,  is  plain  enough  to  the  practical ;  but  we  write  for  many  who 
know  little  about  horizontal  formations,  or  stratification  generally. 


We  may  thus  explain  why  there  are  five  or  sis  productive  c 
averaging  from  20  to  ,30  feet  of  coal,  in  the  eastern  part  of  the  Ohio 
deposits,  and  only  one  coal-seam  in  its  western  and  northern  portions,  pro- 
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diictive  of  only  three  to  five  feet  of  workable  coai.  By  far  the  largest 
amount  of  coal  in  Ohio  is  deposited  in  the  Beam  B,  which  ranges  from  4  to 
10  feet  in  tliickness  and  is  productive  of  excellent  coal  generally.  This 
seam  supplies  most  of  the  furnaee-coal  of  Ohio,  as  it  does  in  Pennsylvania, 
Towards  the  northern  portions  of  the  iield  it  is  used  raw  in  the  furnace, 
and  found  to  answer  a  good  purpose;  hut  to  the  south  it  contains  too  much 
bitumen  for  this  purpose,  and  requires  to  be  coked. 

Up  to  1850,  most  of  the  Ohio  blast-furnaces  used  charcoal;  but  perhaps 
the  larger  qiiajitity  of  pig-iron  is  now  produced  with  coke  or  raw  coal.  The 
same  may  he  said  of  the  locomotives  which  work  the  numerous  railroads 
that  traverse  Ohio:  they  now  use  coal  instead  of  wood. 

There  were  50  furnaces  in  blast  in  Ohio  during  1864,  and  of  these  20 
may  be  stated  as  using  coke  or  raw  coal;  and,  as  coke  or  coai  furnaces  are 
always  larger  than  charcoal  furnaces,  those  using  mineral  fuel  must  have 
produced  more  iron  than  those  using  charcoal.  Large  quantities  of  coal 
are  mined  and  shipped  down  the  Ohio,  or  sent  by  rail  to  Lake  Erie,  and 
from  thence  to  the  various  ports  on  the  Lakes. 

The  amount  of  coal  raised  in  Ohio  is  stated  to  be  one  million  tons  per 
annum :  we  think  this,  however,  is  much  below  the  mark,  and  may  be 
about  the  amount  shipped,  or  used  in  the  furnaces,  mills,  cities,  and  loco- 
motives, but  evidently  does  not  include  the  coal  used  for  domestic  purposes 
in  the  interior  towns  and  villages.  Ohio  is  a  populous  State,  and  wood  is 
becoming  scarce,  and  not  available  for  fuel  near  her  last-growing  towns 
and  ^ 


TABLE  OF  COAL  PRODUCED  FROM  TilE  ALLEGHANY  COAL-FIELD 
IN   1864.-* 

Pernisylyania 5,8'J0,712 

Ohio 1,000,000 

Maryland 657,996 

West  Virginia 500,000 

Kentucky 250,000 

Tennessee 500,000 

Alabama _^^^ 

'9,078,r08 

*  The  amountB  for  the  Southern  States  are  calculated  before  the  war  in  18G1. 
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CHAPTER    XIX. 

THE   NORTHEKN   AND    CENTBAL    COAL-FIELDS. 

The  Mioliigan,  or  Northern,  Coal  Field — Eslent  and  Charaotar — Great  Central  Coal-Field 
in  niinoia,  Indiana,  and  Kentucky— Es ten! — In  Illinois — Geology — Palieosoic  Column— 
PennsjlTania  and  New  York  EquiTaleiits — Elevation  of  the  Coal  MeaBoree — Table — Coal- 
Seams^Mines— Production— In  Indiana — Litenl — In  Kentucky— Extent — Depth  of  Mea- 
sures— Vertical  Section- — Idcntificati  in  of  the  Coal  Beds — Production — Great  Wpstern 
Coal-Field— Area— Total  Area  of  the  Great  Central  Coal-Field— Geology  of  Missouri— 
In  Iowa — Extent  and  Character — Arkansas — Kansas  and  Nebraska — Total  Production  of 
Bituminoua  and  Anthracite  Coal  in  the  United  States — The  Resources  of  the  Great  Basin. 


THE  MICHIGAN,  OR  NORTHERN,  COAL-FIELD. 

This  coal-field  is  located  in  the  centre  of  the  Stat«  of  Michigan,  and 
between  Lake  Huron  and  Lake  Michigan.  Its  form  and  position  may  be 
seen  on  the  miniature  map  of  the  Alleghany  coal-field  on  page  318.  The 
location  of  this  field  is  extremely  fevorable,  but  its  coal-seams  are  few  and 
thin,  and  fiir  fi-om  productive,  as  compared  with  the  seams  of  Ohio  or 
Pennsylvania.  They  are  only  two  in  number,  and  range  from  3  to  5  feet 
in  thickness,  but  the  coal  is  pure  and  good.  It  is  generally  more  bitumi- 
nous in  character  than  the  coals  of  Ohio,  and  blazes  with  a  bright,  strong 
fiame.  It  is  not  possible  to  determine  whether  the  seams  developed  in 
Micliigan  are  identical  with  those  of  the  Alleghany  field,  from  the  general 
depreciation  or  thinning  of  the  measures  in  the  former  field;  but  it  belongs 
to  the  great  Carboniferous  formation  of  the  Appalachian  baain,  and  must, 
of  course,  contain  the  lower  seams,  if  any.  The  general  features  and 
geology  of  the  country  difibr  only  in  the  topography,  which  is  not  so  much 
broken  by  erosions;  but  the  measures  are  much  thinner  here  than  in 
the  eastern  basins.  Yet,  while  the  total  thickness  of  the  measures  is 
comparatively  limited,  the  coal,  nevertheless,  lies  mostly  below  water-level, 
from  the  topographical  evenness  of  the  surface,  the  horizontal  position  of 
the  seams,  and  the  fact  that  the  streams  have  not  cut  so  deep  into  the 
measures  as  in  other  fields. 

The  extent  of  this  field  is  stated  at  about  12,000  square  miles,  but  the 
probability  is  that  6000  would  cover  the  productive  area. 

But  little  has  been  done  in  the  way  of  practical  development  in  this 
coal-field,  and  we  presume  that  100,000  tons  of  eoa!  per  annum  will  cover 
the  production. 
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THE   GREAT   CENTRAL   COAL-FIELD, 
The  area  of  tliia  coal-field  is  estimated  at  50,000  square 
40,000  has  generally  been  assigned  to  Illinois, 
7700  to  Indiana,  and  3300  to  Western  Keu-  ^'°' 

tucky.  But  a  more  correct  division  will  give 
35,000  to  lUiuois,  10,000  to  Indiana,  and  5000 
to  Western  Kentucky.  The  field  is  about  200 
miles  wide  by  350  miles  in  length  at  its  maxi- 
mum dimensions,  or  rather  over  150  by  300  as 
a  mean.  The  coal  deposits  in  Indiana  are  di- 
vided from  those  in  Illinois  by  the  Wabash 
liiver,  which  also  forms  the  dividing  line  be- 
tween these  States  through  the  coal-field.  The 
Kentucky  portion  is  divided  from  that  in  In- 
diana by  the  Ohio  River. 

The  Mississippi  divides  this  great  coal-field 
from  its  counterpart  in  Iowa  and  Missouri,  as 
shown  in  figure  117,  representing  the  great 
basin.  That  they  originally  formed  one  great 
and  continuous  coal-field  there  appears  to  be  no 
doubt;  and  a  more  comprehensive  illustration 
would  have  properly  included  both  the  Central 
and  the  Western  coal-fields  in  one  map;  but  the 
form  of  these  fields  would  not  admit  of  their 
representation  on  a  single  page,  to  which  we 
have  confined  ourselves  in  this  work.  We  hope, 
however,  to  give  a  clear  and  comprehensive  con- 
ception of  the  form,  extent,  and  connections  of 
these  great  coal-fields  by  the  aid  of  the  re- 
spective maps  and  figure  117,  which  defines 
their  general  connection. 


CENTRAL  COAL-FIELD  IN  ILLINOIS. 
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To  illustrate  the  geology  of  the  great  basin 
known  as  the  Mississippi  basin,  but  which  we 
have  elsewhere  called  the  Appalachian  basin,  we 
give,  in  connection  with  this  coal-field,  i 
logical  section,  or  column,  of  the  Palaeozoic 
formations  in  Illinois.  Figure  117  represents 
tlie  gradual  depreciation  or  thinning  of  the  strata  ceniihl  coal-field,  illi- 
westward;  figure  2,  in  Chapter  II.  of  this  work, 
gives  its  total  thickness  in  the  east,  and  figure  128  its  thickness  in  Illinois. 

The  height  of  the  Palseozoic  column  in  Eastern  Pennsylvania  < 
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five  miles,  and  may  be  stated  at  30,000  feet, — though  it  is  in  some  localities 
over  seven  miles  perpendicular;  but  30,000  feet  may  be  taken  as  the 
averse  in  the  vicinity  of  the  coal-measures. 

The  Illinois  section,  which  we  copy  from  Professor  Wilber's  official  map 
of  that  State,  shows  the  total  thickness  of  the  same  formations  to  be  only 
3310  feet  from  the  Potsdam  sandstone  to  and  inclusive  of  the  drift  and 
Tertiary,  which  do  not  exist  in  Pennsylvania.  A  contrast  of  the  two 
columns  will  convey  a  good  impression  of  the  general  geology. 


PALEOZOIC  COLUMN  IN  ILLINOIS. 

Accompanying  this  section,  figure  128,  we  give  the  Pennsylvania  and 
New  York  equivalents,  with  the  respective  thickness  of  each.  It  will  be 
noticed  that  few  of  the  slates  and  shales  of  New  York  and  Pennsylvania 
are  found  in  Illinois,  but  that  the  limestones  are  continuous;  and  while  the 
Chester  or  Carboniferous  limestone  is  not  represented  in  the  anthracite 
regions  of  Pennsylvania,  the  Galena  limestone  of  Illinois  has  its  counter- 
part in  the  Auroral  limestone,  or  No.  II.  The  Galena  limestone  is  only 
300  feet  thick,  while  the  Auroral  is  often  5000  feet  thielc  in  Pennsylvania. 

The  Umbral  red  shale,  or  No.  XL,  entirely  disappears,  and  the  Vesper- 
tine, No.  X.,  unites  with  the  conglomerate,  or  millstone  grit,  forming,  when 
united,  300  feet  in  Illinois,  where  the  conglomerate  proper  is  a  thin  pkte 
of  from  10  to  20  feet  in  thickness.  Following  the  millstone  grit,  in 
Itliuois  and  ali  the  bituminous  coal-fields  of  the  West,  is  the  Carboniferous 
limestone,  which  has  a  general  tliiekness  of  1000  feet. 
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The  Old  Hed  Sandstone  of  the  English,  Catakill  of  New  York,  or  No. 
IX.  of  Pennsylvania,  may  be  represented  by  the  sandstone  following  the 
Chester  limestone  in  Illinois,  which  is  100  feet  thick  against  5000  feet  in 
Pennsylvania,  The  St.  Louis,  Keokuk,  and  Burlington  limestones,  or 
Mountain  hmestones,  are  included  in  the  Chemung  and  Portage  groups;  and 
the  Oil,  Elaek:  Slates,  and  Hamilton  find  t-heir  counterpart  iu  the  Cadent 
and  Post-Meridian  of  Pennsylvania,  or  the  Hamilton,  Mareellus,  &o.  of 
New  York.  The  Oriskany  sandstone  cannot  bo  mistaken  in  either  column; 
while  the  Niagara  lime  and  the  Hudson  River  group  are  distinctly  named 
in  each.  The  Galena  lime  is  the  equivalent  of  the  Auroral  in  Penn- 
sylvania, and  the  Chaj;y  or  Calciferous  in  New  York;  while  tlie  Potsdam 
sandstone  is  conspicuous  as  the  base  of  the  Paleeozoic  column  in  Penn- 
sylvania and  New  York.  In  the  West  it  is  claimed  that  a  lower  fossi- 
liferous  sandstone  exists  on  the  Gneissic  or  Azoic;  but  there  seems  to  be  no 
great  distinction  between  it  and  the  Potsdam,  or  Primal,  and  both  may  be 
referred  to  the  same  formation. 

The  limestones  predominate  in  the  West,  and  the  sandstones  in  the  East; 
but  some  of  the  great  sandstones  have  their  horizon  coextensive  with  the 
area  of  the  ancient  sea,  yet  invariably  much  thinner  in  the  West  than  the 
East.  They  depreciate  from  massive  formations  several  thousand  feet  in 
thickness  to  mere  knife-edges,  and  from  heavy,  coarse-grained  sandstones 
or  conglomerates  to  fine-grained  flaggy  or  slaty  sandstones.  This  depre- 
ciation, particularly  in  the  coal  measures,  is  manifested  in  the  same  or 
greater  proportions,  considering  the  distance,  in  the  Northwest  as  in  the 
West.  The  coal  measures  in  Michigan,  containing  the  Lower  coal  series, 
which  in  Pennsylvania  are  from  500  to  700  feet  thick,  are  only  from  30  to 
40  feet  in  thickness ;  which  corresponds  nearly  with  the  measures  on  the 
western  edge  of  Missouri. 

The  whole  evidence  goes  to  establish  the  propositions  set  forth  in 
Chapters  II.  and  III.,  describing  the  North  American  Continent  as  it 
formerly  existed,  or  that  portion  of  it  which  lies  between  the  Eocky  and 
Alleghany  Mountains.  We  can  conceive  how  these  formations  (the  Pale- 
ozoic) arose,  and  why  they  were  thicker  at  the  East  than  in  the  West, 
why  limestone  in  the  interior  of  the  great  basin,  and  sandstone  at  its 
eastern  edges,  only  on  the  basis  of  the  theory  set  forth.  A  great  inland  sea 
stretching  from  the  high,  granite  mountains  in  the  East  to  those  in  the 
West;  fierce  and  almost  continuous  volcanic  action  durii^  the  Gneissic 
period,  while  the  metamorphic  or  crystalline  sedimentary  strata  were  de- 
posited; violent  but  intermittent  volcanic  action  during  the  Palseozoic  ages, 
or  while  the  fossiliferous  strata  arose  in  the  waters  of  the  ancient  sea;  a 
constant  depression  of  the  Eastern  mountain-ranges,  whence  most  of  the 
material  forming  those  vast  lithographical  structures  came,  and  where  all 
.the  volcanic  vents  existed  to  the  East  during  the  Palceozoic  period. 
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The  consequence  of  this  natural  process  is  that  which  we  are  now  dis- 
cussing. The  deep  basins  of  the  East,  formed  by  the  depression  resulting 
from  long-continued  volcanic  eraptiou,  received  the  largest  amount  of  the 
vented  volcanic  material,  and  naturally  tlie  coarser  matter  settled  in  the 
nearest  and  deepest  basins,  while  the  finer  and  more  limited  amount  floated 
away,  on  wind  and  tide  and  waves,  to  the  centre  and  western  parts  of  the 
ancient  sea. 

Limestones  only  formed  in  the  East  during  periods  of  quiet;  but  they 
formed  rapidly,  since  the  carbonic  acid  and  salts  of  magnesium  and  calcium 
existed  in  greater  quantities  where  the  heat  was  greatest;  but  they  forme<l 
more  constantly  in  the  West,  where  comparative  quiet  almost  constantly 
existed. 

As  the  Eastern  strata  were  depressed  and  the  bounding  mountain-ranges 
in  that  direction  became  lower  in  consequence,  so  the  sea  receded  from  the 
Western  mountains  and  gradually  exposed  its  western  margins  to  tlie  day, 
or  left  their  extensive  and  shallow  rea<ihes  in  bog  and  swamp  to  form  those 
vast  prairies  iu  the  manner,  perhaps,  so  ingeniously  and  scientifically 
described  by  Prof.  Lesquereux,  of  Cohimbus. 

We  have  adverted  to  this  subject  in  this  connection .  because,  with  the 
proof  so  abundantly  fiimished  as  we  proceed,  the  subject  becomes  more 
clear  to  the  mind,  and  the  fects  as  they  arise  can  be  better  appreciated  and 
applied. 

ELEVATION   AND  DEPRESSION  OF   THE  COAL  MEASURES. 

The  common  level  of  the  Illinois  coal  measures  is  above  the  Mississippi 
at  St.  Louis,  which  is  381  feet  above  sea-level,  and  the  total  thickness  of 
the  coal-strata  is  900  feet;  add  to  this  the  thickness  of  the  Tertiary  and 
drift,  which  is  350  feet,  and  we  find  the  elevation  of  the  highest  points  in 
Illinois  within  the  coal-field  to  be  1631  feet  alKive  the  Atlantic  or  the  Gulf 
of  Mexico,  or  the  elevation  of  the  coal  measures  to  be  1281  feet  above 
tide.  The  highest  point  on  the  Illinois  Central  Railroad  is  1095  feet 
above  the  sea^level. 

The  Illinois  or  the  Gfreat  Central  coal-field  in  Kentucky  and  Ulinoia 
is  the  lowest  point  of  the  Mississippi  Valley  where  coal  is  found;  the 
deepest  basins,  however,  exist  in  the  Alleghany  coal-field, — perhaps  on  the 
Big  Sandy,  in  Kentucky.  The  following  table  represents  the  levels  at 
which  coal  exists  in  the  great  Appalachian  basin.  By  comparing  this  tabhi 
with  figure  117,  it  will  be  seen  that  the  theory  of  elevation  must  be  erroneous 
and  singularly  unequal;  while  that  of  depression,  and  contraction  from 
volcanic- 'action  and  condensation,  answers  every  coincident  and  fits  every 
circumstance,  without  the  aid  of  minwles  or  natural  phenomena,  earth- 
quakes, &c.,  which  are  unnatural  and  not  natural  processes,  as  described. 
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The  eoal  measures  of  Illinois  are  stated  by  Prof.  Wilber  at  900  feet, 
which  we  presume  to  be  nearly  the  maximum  thickness,  ainee  it  is  not 
probable  that  the  Pittsburg  seam  has  any  existence  in  Illinois,  except 
in  the  highest  portions  of  the  southern  part  of  the  State.  The  deepest 
vertical  section  given  in  the  Kentucky  survey  is  about  1500  feet,  embracing 
all  the  seams  found  in  the  Allegliany  coal-field.  If  the  Pittsburg  seam 
exists,  at  all  in  Illinois,  it  must  be  on  the  highest  points  and  to  a  very 
limited  extent.  Generally  the  workable  seams  lie  below  the  Mahoning 
sandstone,  and  may  safely  be  identified  with  B,  E,  and  one  of  the  eannel 
seams,  which  we  cannot  place.  In  the  northern  portion  of  the  State 
only  one  workable  seam  is  found,  which  is  identical  with  E,  or  the  seam 
worked  by  the  Buck  Mountain  Coal  Company  on  the  Lehigh. 

The  principal  mines  of  Illinois  are  located  at  Lasalle,  St.  Johns,  Duquoin, 
Belleville,  Danville,  Eock  Island,  Carbon  Cliff,  Sheffield,  Kewanee,  Col- 


*  The  highest  points  along  the  Atlantic  border  are  the  Black  Mountains,  in  Nortli  Caro- 
lina, 6500  feet;  Mount  Washington,  New  Hampshire,  6250  feet;  Mount  Tahawua,  or 
Maroy,  New  Yorlc,  5300 ;  Peaks  of  Otter,  in  Blue  Ridge,  Virginia,  5000  feet, 

+  Tiie  lowest  anthracite  basin  is  supposed  to  be  3000  feet  below  the  sea-level.  The 
PalsBOzoie  formation  still  extends  35,000  feet  below  this  point,  aad  in  all  probability  the 
gneissic  formation  is  of  equal  thickness.  These  combined  strata,  now  filling  the  bed  of 
the  ancient  sea,  are  over  70,000  feet,  or  16  miles,  deep ;  wbereaa  the  deepest  point  in 
Illinois  ia  less  than  one  mile.  We  must,  therefore,  assign  much  of  the  difference  fo 
deprcBBlon. 
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Chester,  Fairbury,  Braceville,  Morris,  Caseyville,  and  Alton.  The  total 
amount  mined  and  consumed  per  annum  in  stated  by  "Wilber  to  be  650,000 
tons.  We  presume  tlie  consumption,  however,  to  be  fully  1,000,000  tons, 
including  tlie  local  consumption,  which  is  not  estimated  above. 


C0AL-MTNE9   AT   ROCK   ISLAND. 

"The  coal  of  Eock  Island  and  vicinity  forms  a  part  of  the  northern 
border  of  the  great  Illinois  coal-field.  The  lower  Carboniferous  roeks 
here  come  to  the  surface,  resting  upon  Devonian  or  Silurian  strata. 
Deeply  cut  by  the  great  valleys  of  the  Mississippi  and  its  tributaries, 
and  removed  by  extensive  denudation,  the  coal  formation  exists  as  a  series 
of  outliers,  occupying  the  highest  points  of  land.  In  all  the  deep  valleys 
it  has  been  swept  away,  and  its  ruins  have  gone  southward  to  form  the 
rich  alluvials  of  the  Lower  Mississippi  and  the  deltas  at  its  mouth. 

"The  coal  is  found  associated  with  sandstones  and  limestones  in  thin 
bands  between  heavy  beds  of  shale.  One  workable  seam  only  has  been 
found,  which  has  an  average  thickness  of  about  three  feet  six  inches.  It  is, 
however,  quite  irr^ular,  being  liable  to  very  sudden  contractions  and 
expansions.  The  coal  lies  high  above  the  streams,  and  is  very  fevorably 
located  for  mining.  It  is  generally  reached  by  drifting  into  the  hill-sides. 
The  roof  is  limestone  or  calcareous  sandstone,  occasionally  separated  from 
the  coal  by  a  thin  band  of  shale.  Beneath  lies  a  very  bituminous  shale, 
sometimes  graduating  into  an  inferior  coal,  and  resting  upon  a  bed  of  fire- 
clay. This  shale  abounds  in  fossil  plants,  often  in  a  very  iine  state  of 
preservation,  prominent  among  which  are  huge  reeds  and  ferns,  mingled 
with  plants  of  great  delicacy  and  beauty.  The  fire-clay  has  been  tested 
and  found  valuable.  It  is  extensively  used  by  Thomas  &  Joury,  at  Car- 
bon Hill,  in  the  manufecture  of  pottery,  fire-brick,  and  tile. 

"Most  of  the  mines  of  this  district  are  small,  averaging  from  ten  to 
thirty  tons  daily  yield.  The  mining  is  done  at  Uie  outcrop  on  the  liill- 
sides,  and  the  coal  is  generally  carted  to  Rock  Island  by  teams.  The  mines 
are  from  eight  to  ten  miles  distant  from  the  river;  and  this  long  transporta- 
tion is  a  very  serious  drawback  upon  the  profits.  The  only  large  mines 
are  those  of  Cool  Valley,  owned  by  S.  L.  Cable,  Esq.,  of  Rock  Island. 
This  is  one  of  the  best^organized  mines  in  the  country.  Mr.  Cable  has 
built  a  railroad,  twelve  miles  long,  from  Rock  Island  to  his  mines,  over 
which  his  coal  is  carried  to  market.  His  annual  product  is  about  60,000 
tons,  which  is  marketed  mainly  at  the  river  and  carried  westward  into 
Iowa.  It  is  extensively  used  by  steamers,  and  supplies  the  large  towns  of 
Eastern  Iowa  with  fuel  and  gas.  About  80  hands  are  employed,  most  of 
whom  are  common  laborers  who  have  taken  up  mining  and  acquired  their 
skill  by  practice  in  these  mines.     They  work  under  an  arrangement  as 
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novel  a.s  it  is  successful.  The  miners  and  the  owners  of  the  mines  aro 
parties  to  a  mutual  understanding,  by  which  the  railroad  receives  one-third, 
the  mine-owner  another,  and  the  operatives  one-third  of  the  price  per  ton 
which  the  coal  brings  at  Eoelt  Island.  This  arrangement  works  admirably. 
It  secures  tlie  best  class  of  labor,  avoids  strikes,  encourages  men  to  establish 
permanent  homes,  and  secures  the  steady  development  of  the  mines.  It  is 
eminently  profitable  to  all  parties.  It  is  intrinsically  just  and  humane, 
and  has  the  additional  advantage  of  putting  more  money  into  the  pockets 
of  mine-owners  and  operatives  than  the  old  metho<l, 

"The  mine  is  opened  in  the  side  of  a  st«ep  bhiif  south  of  Rock  River. 
The  coal  is  brought  to  the  cars,  which  run  to  the  mouth  of  the  drift,  by 
mules,  over  a  wooden  track.  The  seam  is  here  about  four  feet  thick,  witli 
excellent  roof  and  floor,  but  is  subject  to  some  slips  and  interruptions.  In 
running  the  main  entry  back  into  the  bluff,  at  a  distance  of  about  60  rod,s 
from  the  opening,  the  coal  suddenly  gave  out,  and  was  replaced  by  a  mass 
of  sand  and  gravel,  mingled  with  large  stones  and  drift-wood.  This 
occurrence  puzzled  the  miners  considerably,  and  was  supposed  by  some  to 
be  a  fault  or  slip  of  the  strata.  On  examination,  however,  of  the  sur- 
rounding country,  the  real  nature  of  the  interruption  becomes  obvious. 
The  coal  and  its  associate  rocks  come  in  again,  and  are  seen  in  their  proper 
place,  though  a  large  extent  of  the  formation  is  gone.  It  has  been  cut  ont 
by  denuding  f^encies,  similar  to  those  which  are  now  at  work  in  ever_v 
valley  where  water  flows.  But  the  space  has  filled  up  with  material 
washed  in  by  powerful  currents  while  the  surface  suffered  a  temporary 
submergence.  The  phenomena  probably  belong  to  the  drift  epoch,  when 
extensive  areas  of  the  earth,  which  had  been  above  water  for  ages,  sub- 
sided below  the  ocean  and  became  covered  with  the  deposits  of  clay,  gravel, 
and  boulders  which  form  the  surface  so  generally  in  the  North  temperate 
zone.  (?)  Possibly  it  is  altered  drift,  washed  in  by  the  Missi^ippi  at  its  fioo([ 
when  its  waters  flowed  hundreds  of  feet  above  their  present  level.  Fresh 
water  has  certainly  stood  on  the  highest  lands  of  this  region;  for  on  the 
hill-tops  deposits  of  loamy  clay  are  everywhere  visible,  containing  fresli- 
water  shells.  All  shallow  beds  of  coal  are  liable  to  these  interruptions. 
In  regions  which  have  been  subjected  to  extensive  inundation,  cutting 
broad  and  deep  valleys,  and  especially  where  the  deposit  of  drift  is  thick, 
the  greatest  care  is  required  in  opening  mines  where  a  heavy  outlay  is  to 
be  made.  A  thorough  survey  by  a  competent  geologist  is  ah  essential 
prerequisite  to  any  large  investment  in  improvements. 

"The  quality  of  this  coal  is  good,  though  hardly  equal  to  the  best  coals 
of  the  State,  as  seen  at  Duquoin,  Ijasalle,  Danville,  and  Fairbury. 

"It  is  very  compact,  in  thick  layers,  with  mineral  charcoal  between, 
with  some  thin  seams  of  carbonate  of  lime,  and  sulphate  of  iron  in  small 
quantity. 
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Specific  gravity 1,363 

Loaa  in  cokiDg 43 .0 

Total  weight  of  coke 57.0 

Ashes 10  0 

"Vast  quantities  of  small  coal  lie  around  the  mines,  waste  and  useless, 
which  might  be  converted  into  the  finest  coke. 

"The  area  covered  by  workable  coal  in  the  region  of  Eock  Island  is 
quite  limited;  and  every  ton  will  be  needed  for  the  local  consumption  and 
the  country  west  in  Iowa.  It  will  not  be  carried  north  or  east,  as  the 
Lasalle  mines  will  more  naturally  supply  that  demand. 

"The  coke  from  this  coal  is  used  by  John  Deer,  Esq.,  in  his  extensive 
works  at  Moline.  Mr.  Deer  makes  cast-steel  ploughs  of  such  superior 
excellence  that  they  are  even  shipped  to  Europe.  They  are  notieed  in  a 
recent  llussian  paper  as  being  the  best  ploughs  yet  introduced  into  that 
country.  It  is  also  osed  in  a  raw  state  by  S.  W.  Thomas,  Esq.,  at  Carbon 
Hill,  in  his  extensive  pottery-works,  with  success.  These  mines  are  of 
great  value,  and  will  be  the  means  of  building  up  extensive  manufectures 
of  all  kinds  at  Hock  Island  and  Davenport.  The  possession  of  cheap  fuel 
will  more  and  more  determine  the  points  to  which  raw  material  will  be 
transported,  and  where  the  great  centres  of  manufacturing  industry  will 
be  established.  E,  D." 

The  foregoing  quotation  is  from  one  of  the  late  Chicago  papers,  sent  us 
by  a  friend.  We  give  it  not  as  a  description  of  the  most  prominent  mines, 
but  to  convey  an  idea  of  the  manner  and  modes  of  mining. 

The  mines  of  St.  Clair  county,  near  St.  Louis,  are  perhaps  the  most 
extensive  in  Illinois,  and  comprise  nearly  50  operations,  producing  about 
300,000  tons  annually,  besides  the  local  consumption,  which  has  been 
stated  at  200,000  tons.  The  adjoining  mines  of  Madison  and  Grundy 
counties  produced  in  1864  over  100,000  tons.  The  mines  of  Kewanee  are 
said  to  produce  6000  tons  per  month  during  the  winter  season,  and  other 
mines  along  the  line  of  the  Chicago,  Burlington  &  Quincy  Railroad  about 
as  much.     The  annual  production  may  be  stated  at  100,000  tons. 

At  Lasalle  there  are  also  some  important  mines.  That  of  Col.  Taylor 
is  the  most  extensive  in  Illinois,  and  produces  about  300  tons  per  day.  It 
is  mined  from  a  single  shaft,  which  is  250  feet  deep.  This  mine  is  under 
the  superintendence  of  an  old  Pennsylvanian,  from  the  Broad  Top  and 
Cambria  county  coal-region.  The  value  of  the  coal  at  the  mines  is  ii.sed 
at  twice  the  price  paid  for  mining. 

We  thus  find  that  the  mines  of  St.  Louis  or  vicinity  produce  500,000 
tons,  those  of  Rock  Island  over  100,000,  those  of  Kewanee  and  vicinity 
100,000,  and  those  of  Lasalle  over  100,000,  per  annum, — making  a  total 
of  800,000  tons.     It  is  evident  that  over  200,000  tons  are  mined  from  the 
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mining-localities  formerly  named  and   not  here  repeated:   consequently, 
the  production  of  Illinois  must  be  over  1,000,000  tons  annually. 

Figure  129  represents  the  erosion  in  a  large  portion  of  this  coal-field. 

Fio.  129. 


The  seams  are  horizontal,  and  the  features  of  the  erosion  are  similar  to 
those  of  Cumberland,  Maryland,  or  Kanawha,  West  Virginia,  except  that 
both  these  regions  have  an  inclination  more  perceptible  than  the  dip  of  the 
Illinois-  measures,  which  dip  slightly  from  north  to  south  at  an  imper- 
ceptible angle. 

CENTRAL  COAL-FIELD   IN   INDIANA. 

That  portion  of  the  Central  coal-field  lying  in  Indiana  we  have  stated 
at  6700  square  miles  of  productive  coal-area.  The  coal  formation  is  per- 
haps flilly  10,000  square  miles  in  extent. 

The  maximum  deptii  of  the  coal  measures  is  greater  than  in  Illinois,  but 
less  than  in  Kentucky.  The  number  of  workable  seams  is  6  in  some 
localities  with  a  total  thickness  of  35  feet;  but  generally  only  three  seams 
are  of  workable  size,  and  towards  the  edges  of  the  field  only  one  is  found 
of  workable  dimensions.  The  upper  cannel-coal  seam  of  the  Kanawha 
does  not  seem  to  exist;  but  the  lower  cannel  is  good  and  productive,  and 
from  3  to  4  feet  in  thickness.  The  fraoture  is  conchoidal  and  rather  dull. 
It  is  heavier  than  ordinary  cannel,  weighing  75  pounds  to  the  cubic  foot, 
and  contains 

Fixed  carbon 59.40 

Volatile  matter 34,90 

Ashes 5.70 

100.00 

Notwithstanding  its  conchoidal  fracture  when  broken  across,  it  parts 
readily  in  flakes,  and  burns  without  any  tendency  to  coke  or  cake.  Its 
ready  ignition,  rapid  combustion,  and  bright  fierce  flame  render  it  a  splen- 
did fiael  for  Western  steamboat  use,  in  generating  steam  rapidly;  but 
it  is  less  durable  than  the  harder  bituminous  of  bed  B,*  which  contains 

*  We  are  not  oertain  of  the  identity  of  the  Cannelton  cannel  of  Indiana  with  the  Kanawhft 
lower  or  the  Breeliinridge  cannel.  It  aeems  to  be  the  lower  coal-bed,  or  A,  which  fre- 
quently elianges  to  cannel  westward,  and  identical  with  the  Casejville  cannol,  which 
la  20  per  cent,  of  ash. 
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less  bitumen  and  more  carbon  tlian  any  of  the  other  worlcable  beds  in 
Indiana.  The  amount  of  workable  coal  in  this  pai't  of  the  Central  coal- 
field may  be  stated  at  an  average  of  20  feet,  distributed  in  from  one  to  six 
seams.  The  amount  of  coal  mined  can  only  be  approximated  at  present ; 
but  it  cannot  be  less  than  500,000  tons  annually. 

Figure   130   is   from  Taylor's  Siatistics.     We  introduce  it  merely  t« 


.ndatone ;   d.   Marcellua 


convey  an  idea  of  the  relative  width  in  the  lower  end  of  the  Central  coal- 
field and  the  progressive  depreciation  westward. 

CENTEAI.  COAL-FIELD  IN  WESTERN  KENTUCKV. 
A  singular  increase  in  the  thickness  of  the  coal  measures  takes  place  in 
the  Western-Kentucky  portion  of  tlie  Central  coal-field,  which  we  can 
only  account  for  by  the  greater  angle  of  dip  and,  consequently,  deeper 
basins  of  this  region.  A  basin  of  coal  is  always  filled  to  its  own  peculiar 
horizon,  which,  of  course,  must  conform  to  the  coal-field  in  which  it  exists. 
But  in  a  field  where  three  or  four  seams  may  be  the  general  number  found 
within  the  measures,  a  local  depression  having  the  basin-shape  and  lying 
below  the  base  of  the  surrounding  measures  will  accumulate  an  additional 
amount  of  measures,  and,  consequently,  additional  seams,  until  the  general 
horizon  of  the  field  is  reached.  But,  singularly,  the  lower  seams  are  always 
identical  with  each  other  all  through  the  field,  while  the  local  additions 
are  always  the  upper  ones.  We  said  singularly ;  but  naturally  would  be 
the  befit  expression.  It  prraents  evidence  that  all  coal-seams  are  formed 
in  water,  and  that  as  soon  as  the  formation  reaches  the  surface  the  growth 
of  coal  and  the  accumulation  of  the  measures  cease. 

In  Kentucky  the  basins  lie  deeper  than  in  any  other  part  of  the  Central 
coal-field,  and  perhaps  as  deep  as  the  deepest  part  of  the  Alleghany  coal- 
field. As  an  evidence  of  depth,  we  find  the  coal-seams  to  be  of  a  minimum 
thickness,  while  they  are  in  maximum  numbers.  All  our  investigations 
prove  that  the  coal-beds  are  invariably  thin  when  formed  in  basins  of 
great  depth,  or  in  very  shallow  basins.  The  tliickest  seams  always  exist 
in  basins  of  a  medium  depth. 

We  consider  basins  of  2000  feet,  and  of  course  over  that  depth,  to  be 
deep  basins,  and  those  of  1000  feet  depth  to  be  medium  basins.     By 
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shallow  basins  we  mean  bogs,  swamp?,  and  shallow  waters  from  0  to  1 00 
feet  in  deptJi. 

The  Alleghanies  rise  generally  about  2500  feet  above  sea-level,  though 
some  points  attain  an  altitude  of  3000  feet  or  more.  The  highest  coal  on 
the  eastern  margin  of  the  Alleghany  field,  outcropping  on  the  high  plateaus 
of  the  Alleghany  Mountains,  is  about  2300  feet  above  tide.  This  we  must 
accept  as  the  water-line  of  the  great  basin  at  the  commencement  of  the  coal 
era.  The  elevation  of  the  Ohio  at  Cairo  is  290  feet  above  the  sea-level : 
therefore,  if  the  coal-basins  of  Western  Kentucky  are  not  deeper  than  the 
waters  of  the  Ohio,  the  depth  of  the  water  in  those  basins  must  have  been 
2000  feet  deep  at  the  commencement  of  the  coal  era.  We  know  that  thia 
does  not  conform  with  the  theories  of  coal  formation  generally  entertained, 
and  that  a  great  depression  must  have  taken  place  in  the  Mississippi  Valley ; 
but  we  know,  too,  that  this  depression  was  greater  in  the  East  than  in  the 
West,  and  greater  beneath  the  Alleghanies  than  beneath  the  basins  of  West- 
ern Kentucky.  If  the  centre  of  the  great  basin  was  depressed  during  the 
formation  of  coal,  the  depression  of  the  Alleghany  range  was  greater:  there- 
fore the  depth  which  we  have  cited  will  hold  good  under  any  argument.  We 
do  not,  however,  set  up  the  foregoing  depth  of  coal-basins  as  an  arbitrary 
rule.  We  have  simply  come  to  this  conclusion  from  the  examination  of  a 
number  of  basins ;  but  we  are  bound  to  state  that  the  process  of  contraction 
has  undoubtedly  increased  the  depth  of  most  of  our  coal-basins,  though  the 
relative  proportions  have  been  retained;  and,  under  such  circumstances,  we 
might  assume  1000  feet  as  a  maximum,  500  feet  as  a  medium,  and  100  as  a 
minimum  depth  to  coal-basins  as  they  originally  existed  at  the  commence- 
ment of  the  Carboniferous  era.  But  the  facts  contradict  this;  and  all  the 
great  coal-iields  in  Europe  and  America,  having  their  original  or  normal 
forms  unaltered,  prove  the  greater  depth  to  be  the  nearest  correct. 

The  following  vertical  section  is  from  Dr.  D.  D.  Owen's  survey  of  Western 
Kentucky,  which  we  copy  from  a  pamphlet  on  the  identification  of  the 
coal-seams,  kindly  furnished  us  by  Professor  Lesquereux,  of  Columbus, 
Ohio. 

We  must  here  state  that  our  identification  of  the  Lower  seams  does  not 
agree  fully  with  that  of  this  eminent  Palseontologist,  simply  from  the  fact 
that  he  has  accepted  the  Wilkesbaire  section,  as  laid  down  in  the  geological 
survey  of  Pennsylvania,  as  correct,  and  has  identified  the  Mammoth  with 
B  in  consequence.  But,  notwithstanding  this  grave  error, — which  must 
have  occasioned  him  much  difficulty  and  uncertainty  at  times,  for  which, 
however,  he  is  not  responsible, — it  is  wonderful  how  nearly  the  identifica- 
tion, which  we  have  worked  out  from  the  actual  fiiets  presented,  and  which 
he  has  scientifically  arrived  at  by  Palseontological  evidence,  agree  with  each 
other. 

Until  this  moment  we  have  been  working  without  the  least  knowledge 


n  by  Google 


374  THE   GREAT   CENTEAL    COAL-FIELD. 

of  each  other's  labor;  and  though  we  may  differ  widely  in  points  of  mere 
opinion,  the  iacts  elicited,  though  obtained  by  difterent  processes  and 
from  different  points  of  investigation,  are  corroborative  and  in  evidence  of 
the  correctness  of  the  modes  by  wliich  the  result  is  obtained. 


I  County,  Wcstei-n  Eenfucky. 


Surface..... 

Coal 

Measures.. 
Coal 


Coal.. 


..Goal  (Waynesburg).. 

Measures 

..Coal 


.       05 
.  100 


/  Coal  (Pittsburg,  or  Primrose) 3 

G .j  Metaures  (slate  and  fire-clay) 10 

LCoa!  (Pittsburg,  or  Primrose) 5 

Measures,  including  Pittsburg  limestone 40 

Coal  (oaanel?) 3 

Measures 60 

Coal  (cannel?) 5 

Measures 20 

Coal OJ 

Measures 70 

F Coal 2i 

Measures  (Mahoning?) 110 

iCoal  (eannel?) 3 

Measures 65 

Coal 4 

Measures 95 

Coal 3 

Curlew  or  Freeport  limestone 25 

Coal 1 

Measures 130 

D. Coal 2 

Measure! 100 

C Coal  (cannel  ?) 2 

Measures,  including  ferriferous  li 


ci  by  Google 


THE   GREAT   WESTERN   COAL-PIELD    XN    MISSOURI   AND    IOWA.       375 


rCoal 5 

B -]  Measures 30 

(Coal OJ 

Measures,  iacludiug  conglomerates 110 

A Coal  (cannel?) 1 J 

Conglomerate 

We  obtained  the  foregoing  data  too  late  for  the  purpose  of  illustrating 
them  with  an  engraving,  uniformly  with  the  other  principal  sections  in  this 
work. 

The  celebrated  Breckinridge  cannel  coal  we  presume  to  be  in  position 
over  B,  and  identified  with  the  lower  cannel  on  the  Great  Kanawha,  and 
is,  therefore,  the  third  seam  from  the  millstone  grit.  The  cannel-coal 
seams  of  Western  Kentucky  appear  to  be  more  numerous  than  elsewhere 
in  the  Western  bituminous  fields,  except  in  the  Great  Kanawha  Valley. 
In  the  Pennsylvania  section,  figure  118,  though  an  equal  depth  of  measures 
exists,  there  is  less  cannel,  and  not  as  many  coal-seams. 

We  have  been  unable  to  locate  tiie  Kentucky  cannel-l)eds  correctly,  for 
the  want  of  the  proper  data.     We  will  endeavor  to  do  so  in  the  Appendix. 

The  amount  of  coal  mined  in  Western  Kentucky  may  be  stated  at 
250,000  tons  per  annum,  and  the  whole  production  of  the  Great  Central 
coal-field  thus : — 

lOiuois 1,000,000 

Indiana 500,000 

Western  Kentucky _250,000 

l775O,O06 

THE  GREAT  WESTERN  COAL-FIELD  IN  MISSOURI  AND  IOWA. 

The  Great  Western  coal-field,  as  we  before  stated,  is  part  of  the  Central 
coal-field,  and  might  be  appropriately  described  under  the  name  of  the 
"  Great  Central ;"  for  such  it  is. 

On  the  east  of  the  Mississippi,  the  accompanying  map  displays  the 
Central  field  in  Illinois,  divided  only  by  the  erosions  of  the  vast  river 
which  separates  these  fields;  and  on  tlie  west  of  the  Missouri  River  we 
might  display  a  continuation  of  this  field  to  a  limited  extent  in  Kansas 
and  Nebraska,  as  illustrated  in  figure  117,  or  the  transverse  section  of  the 
great  basin. 

The  area,  as  shown  on  the  map,  is  45,000  square  miles,  of  which  21,000 
square  miles  exist  in  Missouri  and  24,000  square  miles  in  Iowa. 

The  dimensions  or  productive  extent  of  the  Great  Central  coal-field  in- 
clusive— applying  this  title  to  the  coal-fields  in  the  central  portion  of  the 
great  basin — may  be  set  forth  thus : — 
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Sq.  Miles. 

Illinois 35,01)0 

Indiana 10,000 

Western  Kentucky 5,000 

Iowa 24,000 

Missouri ^^1,000 

Nebraska 4,000 

Kansas 13,000 

Arkanaaa 12,000 

Total 123,000 

The  denuded  area  over  wliicli  this  great  field  once  extended,  connecting 
all  in  one  vast  basin,  must  undoubtedly  be  double  the  extent  oi'  the  present 
productive  area  aa  above  set  forth. 

The  western  portion  of  the  field  contains  only  the  lower  seams,  and 
seldom  more  than  three;  in  most  localities  only  one  workable  bed — the 
persistent  and  extensive  B — is  found. 

Figure  131  will  illustrate  the  geology  of  Missouri,  which  differs  little 
from  that  of  Iowa.  In  relation  to  the  coal  of  Missouri,  we  make  the  fol- 
lowing quotation  from  the  geological  survey  of  that  State  by  Professor 
Swallow  :— 

"  Workable  beds  of  coal  exist  in  nearly  all  places  where  the  coal  measures 
are  developed,  as  some  of  the  best  beds  are  near  the  base  and  crop  out  on 
the  borders  of  the  coal-field.  All  the  little  outliere  along  the  borders 
contain  more  or  less  coal,  though  the  strata  are  not  more  than  ten  or  fifteen 
feet  thick.  But,  exclusive  of  these  outliers  and  local  deposit,  we  have  an 
area  of  26,887  square  miles  of  the  regular  coal  measures.  In  many  places 
the  thickness  of  the  workable  coal-beds  is  o\ei  15  feet;  and  tlie  least 
estimate  that  can  be  made  for  the  whole  aiea  la  5  feet. 

"This  will  give  134,435,000,000  ton^  of  good,  available  coal  in  our 
State.  (?)  In  our  efforts  to  estimate  the  economical  \alue  of  so  vast  a  deposit 
of  this  most  useful  mineral,  we  must  C3n--tantlj  beir  in  mind  the  position  of 
these  beds  beneath  the  soil  of  one  of  the  iichest  legions  on  the  continent, 
witltin  a  State  whose  manufacturing  and  commerci  tl  facilities  and  resources 
are  scarcely  inferior  to  any,  and  adjacent  tj  the  Missouri  Eiver,  and  the 
Pacific,  the  North  Missouri,  and  the  Hannibal  tfe  St.  Joseph  Railroatls. 
\V^ith  all  these  advantages  of  location  the  certainty  that  these  coal-beds 
can  fiirnish  100,000,000  tons  per  annum  tor  the  next  1300  years,  (?)  and 
then  have  enough  left  for  a  few  snctetdinjc  ^luli  itions,  is  a  fact  of  no 
Binall  importance  to  the  State." 

GEOLOGY  OF  MISSOURI. 

Figure  131  illustrates  the  geology  of  Missouri,  and  the  relative  position 
of  the  coal-scams.     The  coal  measures  embrace  a  thickness  of  650  feet,  and 
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tlie  number  of  seams,  small  and  large,  is  9;  of  which  only  three  can  he 

considered  workable. 

The  geology  of  this  State  differs  but  little  from 
that  of  Illinois,  and  perhaps  were  the  surveys 
both  made  by  the  same  individuals  there  would 
be  no  difference,  except  in  local  dis 
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VEETICAL  COLUMN. 

The  coal  measures  are  not  as  thick  by  150  feet 
in  Missouri  as  they  are  in  Illinois,  and  several  of 
the  sandrocks  are  wanting;  but  while  the  sand- 
stones decrease,  the  limestmies  increase.  The 
magnesian  limestones,  intercalated  with  cal- 
ciferous  sandstones,  are  1000  feet  thick  in  Mis- 
souri; but  the  Galena  limestone,  its  equivalent,  is 
only  300  feet  thick  in  Illinois.  (?) 

In  Pilot  Knob,  Iron  Mountain,  and  vicinity, 
the  gneiss  makes  its  appearance,  and  the  ores  of 
that  celebrated  region  exist  in  the  gneissic  forma- 
tion, intersected,  however,  by  porphyry,  which 
seems  to  have  been  ejected  with  the  metallic  veins 
through  the  igneous  or  granitic  rocks  below.  The 
identification  of  figure  131  with  figure  128  will 
be  found  complete,  though  the  names  of  the  form- 
ations are  frequently  different.  The  general 
continuation  of  the  limestones  of  Pennsylvania, 
and  the  absence  of  the  sandstones,  will  bo  noticed. 


The  coal  measures  thin  rapidly  in  a  northern 
direction  from  Missouri,  and  in  Iowa  the  pro- 
ductive measures  are  generally  less  than  100  feet 
in  thickness,  containing  only  one  reliable  or  work- 
able bed  of  coal,  which  ranges  from  4  to  5  feet  in 
thickness. 

Professor  Owen,  in  his  report,  says, — 

"Coal  and  iron  in  abundance  have  been  found,' 

and  other  valuable  minerals.     The  coal  measures 

of  Iowa  are  shallow;  much  more  so  than  those 

^^  ^^  Illinois  coal-field.     They  seem  attenuated 

as  towards  the  margin  of  an  ancient  Carboniferous  sea,  not  averaging  more 

than  fifty  fathoms  (300  feet)  in  thickness.     Of  these  the  productive  coal 
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measures  are  leas  than  one  hundred  feefc  thick.  The  thickest  vein  of  coal 
detected  in  Iowa  does  not  exceed  from  four  to  five  feet;  while  in  Missouri 
some  reach  the  thickness  of  twenty-five  feet(?)  and  upwards.  In  quality 
the  coal  is  on  the  whole  inferior  to  the  seams  of  the  Ohio  Valley.  To 
tliis,  however,  some  very  fair  beds  form  exceptions. 

"Of  this  coal-field  in  Iowa  alone,  not  including  its  extension  south  into 
Missouri,  the  dimensions  are  as  follows.  Its  average  width  from  east  to 
west  is  less  than  200  miles;  its  greatest  length  from  north  to  south  is 
about  140  miles;  its  contents,  about  25,000  square  miles;  its  extent,  mea- 
sured in  a  direct  line,  is  200  miles  in  a  northwesterly  direction  up  the 
valley  of  the  Des  Moines." 

The  amount  of  coal  produced  in  the  Great  Western  coal-field  in  Mis- 
souri and  Iowa  is  about  500,000  tons  per  annum. 

The  coal-fields  of  Arkansas,  Kansas,  and  Nebraska  are  but  partially 
developed,  and  little  can  be  said  concerning  them  of  practical  value,  more 
than  to  state  their  extent  and  character. 

The  coals  of  Kansas  and  Nebraska  are  merely  the  thin  western  edges 
of  the  Great  Central  coal-field,  where  only  the  lowest  beds  exist,  and 
where  frequently  only  the  lowest  bed  of  thin  coal  is  found.  In  Arkansas 
the  coal  measures  approach  nearly  the  character  of  those  in  Missouri,  and 
stand  in  much  the  same  relation  to  the  centre  of  the  great  basin. 

In  summing  up,  we  find  the  total  area  of  productive  coal  measures  within 
the  great  Appalachian  basin  to  be  190,000  square  miles,  exclusive  of  Texas 
and  the  coal  that  may  and  does  exist  on  its  extreme  western  edges.  This 
vast  area  may  be  properly  divided  into  two  distinct  and  comprehensive 
fields,  under  the  respective  names  of  the  Great  Alleghany  or  Eastern  coal- 
field, and  the  Great  Centi-al  coal-field.  The  time  has  not  yet  arrived  to 
include  the  "  Great  Western  coal-field,"— though  we  have  thus  denominated 
tlie  western  portion  of  the  Central  coal-field. 

The  division  of  the  great  coal-areas  described,  or  the  portions  existing 
in  the  respective  States  within  their  limits,  may  be  enumerated  thus: — 

Gkeat  Alleghany  coal-field  in 

Sq.  Miles. 

1.  Pennsylvania 12,f)56 

2.  Ohio 7,100 

3.  Maryland ^50 

4.  West  Virginia 15,900 

5.  East  Virginia ; 150 

6.  Kentucky ■' 10,700 

1.  Tennessee 3,700 

8.  Georgia 170 

9.  Alabama ^300 

55,226 
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Great  Central  coal-field  in 

Eq.  Miles.  Sq.  Miles. 

1.  Illinois.. 35,000  5.  Iowa 24,000 

2.  Indianii 10,000  6.  Arkansas 12,000 

3.  Western  Kentucky 5,000  7.  Kansas 12,000 

4.  Missouri 21,000  S.Nebraska 4,000 

123,000 

Alleghany  coal-field 55,000 

Mighigau,  or  Norttern,  coal-field J^.OOO 

Total 190,000 

BITUMINOUS   PRODUCTION. 
The  total  present  production  may  be  stated  approximately  thus : — 

Tons. 

Alleghany  coal-field 9,078,703 

Central  coal-fieH 2,250,000 

Michigan,  or  Northern,  coa)-fieM 100,000 

Total  for  1864* 11,428,708 

TOTAL   PRODUCTION. 

The  total  production  of  tlio  United  States,  including  tlie  anthracites  and 
serai-bituminous  of  Eastern  Pennsylvania,  stands  thus  for  18134: — 

Tons. 

Anthracite  10,000,000 

Semi-bituminoub  635,319 

Southern  bituminous  (Yirginia  and  North  Carolina)t 200,000 

Western  hituminoua         11,428,708 

Totii  pi.>auft    22,264,027 

RESOURCES  OF  THE  GREAT  BASIS. 
The  resources  of  the  great  inland  basin  whicli  we  have  been  describing 
are,  without  exception,  superior  to  any  thing  of  the  kind  which  the  world 
can  present, — in  fact,  so  immeasurably  superior  that  no  comparison  can  be 
made  even  with  the  most  favored  mineral  region  yet  known  to  science  or 
the  world. 

*  The  production  of  the  Southern  States  is  estiraateil  by  the  amount  uiined  before  the 
war.  During  the  war,  and  since,  but  a  limited  proportion  of  the  quantity  assigned  them 
has  been  produced.  In  a  former  page  will  be  found  tbe  production  of  each  coal-produoing 
State;  but.  deducting  the  entire  production  of  the  Southern  States,  the  amount  of  coal 
produced  in  1864  will  still  be  oyer  20,000,000  tons, 

f  This  amount  was  not  reduced  during  the  war;  but  it  may  be  less  in  1865. 
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Of  the  1,500,000  square  miles  within  this  immense  basin,  drained  by 
the  waters  of  the  Mississippi,  the  Alabama,  and  tho  Rio  Grande,  there  is 
scarcely  a  mile  that  is  not  available  as  agrienltiiral  or  mineral  land. 
Within  the  basin  the  greatest  portion  of  the  coal-fields  presents  a  rich  anil 
productive  soil,  and  the  margins  of  the  basin,  terminating  on  the  lime- 
stones or  the  gneissic  mineral  rocks,  not  only  present  the  richest  betls  of 
iron,  copper,  and  lead,  but  also  a  surface  generally  susceptible  of  cultivation 
and  much  of  it  extremely  productive. 

The  form  of  this  great  basin  is  also  eminently  available  to  the  industrial 
pursuits  and  economic  uses  of  society.  The  nvers  tend  to  one  common 
centre,  and  their  descent  is  so  uniform  and  gradual  that  most  of  them 
can  be  navigated  almost  to  their  sources,  while  their  banks  present  re^ly 
grades  for  our  great  rail  road -lines. 

The  entire  area  thus  drained  is  capable  of  supporting  a  population  as 
dense  as  that  of  England,  with  more  ease  and  equal  wealth;  or  the  great 
Mississippi  basin  is  fully  capable  of  supporting  one-Iialf  the  population  of 
the  earth  in  wealth  and  luxurj'.  It  may  be  many  years,  perhaps  centuries, 
before  500,000,000  inhabitants  shall  crowd  this  vast  and  rich  arena.  But 
there  is  no  limit  tliat  we  can  now  place  to  the  increase  of  our  pojmlation ; 
nor  can  we  say  that  the  time  will  not  come  when  even  tlie  number.we  have 
specified  shall  find  free  homes  in  the  mj^nificent  plains  beyond  the  Alle- 
ghanies. 

Our  coal-fields  then  will  fulfil  the  uses  designed  by  Providence,  and  our 
mountains  of  iron  will  be  reduced  to  implement*  of  industry  and  trade, 
and  all  may  conduce  to  the  prosperity  and  happiness  of  a  nation  having 
no  rival  or  counterpart,  where  the  people  are  only  accountable  for  their 
own  welfare  and  peace,  and  where  the  blessings  of  Heaven  may  be  enjoyed 
"under  our  own  vine  and  our  own  fig-tree,  and  none  to  make  us  afraid." 
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CHAPTER  XX. 

NOETHEASTERN   COAL-FIELDS. 

New  England  Anthracite  Coal-Fielda— Imperfect  Formations — Gneiasic  Deposits — Altered 
Rocks — Character  of  the  Coal  and  the  Coal-Ficlds^Mining  Operationa — The  Areadian 
Coal-PieMs  in  the  British  North  American  ProvinoeB — Formation  of  Coal — Depression 
of  the  Basins — Growth  of  the  Limestone — Coal  and  Coal  Measures — Thiokneaa  of  Coal- 
Bcds — Area — Nova  Scotia — New  Brunswieli^Prince  Edward's  Island — -Cape  Breton 
Island — Newfovindl and— Oil-Coal — Gas-Coal — Comparison  with  the  Gas-Coals  of  Virginia 
and  rennsjlTiinia. 

NEW  ENGLAND  ANTHRACITE  FIELDS. 

The  coals  of  the  New  England  States  are  anthracite  in  character,  and 
were  formed  under  the  same  influences  wliich  produced  the  anthracite  of 
Pennsylvania;  but  the  geological  conditions  differ  materially,  and  the  in- 
tensity of  the  heat  to  which  the  bitumen  and  carbon  forming  the  coal  were 
subjected  in  consequence,  destroyed  their  value  as  a  fuel. 

The  coal-basins  of  Massachusetts  are  found  in  or  closely  upon  the 
gneiasic  rocks,  and  partake,  in  consequence,  of  all  the  imperfections  whic]i 
always  accompany  such  formations. 

The  depreciation  of  the  Palfeozoic  rocks  in  the  northeastern  limits  of  the 
ancient  Appalachian  Sea  are  almost'  as  marked  and  uniform  as  that  which 
notes  their  progress  west.  But  in  the  New  England  States  existed  the 
granite  boundaries  of  the  great  basin,  and  the  formations  of  a  later  period 
only  took  place  in  the  depressions  of  the  granitic  or  gnelssic  rocks. 

The  coal,  therefore,  is  peculiar,  or  characteristic  of  all  such  formations, 
— thin  and  irregular  in  its  stratified  beds,  or  subject  to  sudden  contractions 
and  enlargements,  to  upthrows  and  downthrows,  slip  dykes  and  rock 
faults,  saddles,  troubles,  hitches,  dirt  faults,  and  ail  the  ills  of  coal-basins 
existing  without  those  necessary  conditions  for  the  production  of  coal 
noticed  in  Chapters  III.  and  IV.  of  this  book. 

It  has  been  stated,  and  partially  demonstrated,  that  this  coal  really  does 
exist  in  tlie  true  Palseological  position  of  our  great  coal-fields,  and  that  the 
sedimentary  strata  in  which  it  exists  have  been  metamorphosed  by  heat  into 
the  sub-crystalline;  but  this  does  not  alter  the  effect,  since  intense  beat  only 
could  change  the  rocks  in  this  manner,  as  all  the  metamorphic  or  gneissie 
rocks  have  been  changed  by  the  same  means. 

The  basins  in  which  this  coal  exists  are  extremely  irregular,  and  must 
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have  been  always  unfavorable  for  the  even  and  uniform  stratification  of 
valuable  coal-beds;  but  tlieae  unfavorable  conditions  have  been  subse- 
quently increased  in  deformity  by  lateral  contractions,  which  have  doubled 
and  folded  the  strata  in  sharp  wai^es,-and  not  only  crushed  the  coal,  but  by 
the  irregular  movements  of  the  crust  caused  the  coal-beds — and  of  course 
the  accompanying  strata — to  slide  above  or  below  their  true  horizons  of 
connection. 

We  find  the  same  cause  operating  violently  on  the  value  of  the  Pied- 
mont and  New  River  coal-fields  of  Virginia,  as  far  as  the  sHdes  and  faults 
are  concerned ;  but  in  these  Southern  fields  the  heat  lias  not  been  so  intense; 
only  a  small  portion  of  their  coals  has  been  changed  to  anthracite ;  but 
the  anthracite  is  always  on  the  side  nearest  tlie  regions  of  heat,  and  the 
bituminous  coal  is  always  most  remote. 

In  the  anthracite  coal-fields  of  Pennsylvania  an  immense  thickness  of 
sedimentary  or  Palseozoic  strata  existed  between  the  coal  and  the  regions 
of  heat,  and  formed  an  even  and  uniform  floor  for  the  reception  of  the  coal 
measures.  It  is  possible  and  probable  that  the  intensity  of  heat  and 
volcanic  action  was  far  greater  in  the  vicinity  of  the  Pennsylvania  than 
the  New  England  anthracites;  but  the  interposition  of  the  immense  shield 
of  Paljeozoic  strata  not  only  preserved  the  coal  from  actual  coHtaet  and 
destruction,  but  added  materially  to  the  growth  of  the  coal-beds  by  the 
production  of  the  carbon  and  bitumen  which  escaped  from  them. 

Notliing  can  be  more  evident  than  the  fact  that  the  salvation  of  our 
magnificent  anthracite  fields  is  due  to  the  immense  thickness  of  the  Palse- 
ozoic  or  stratified  floor  upon  which  they  rest.  Had  it  not  been  for  this  pro- 
tection, we  should  have  had  distorted  and  jumbled  basins  of  plumbago,  coal, 
dirt,  slate,  and  rock.  Even  under  the  fevorable  circumstances  in  which 
they  exist,  some  of  our  deepest  and  largest  basins  nearest  the  regions  of 
volcanic  heat  have  barely  escaped  its  destructive  influences. 

In  Pennsylvania,  as  in  all  anthracite  basins,  the  hardest  and  purest 
anthracite  is  always  nearest  the  point  from  whence  the  heat  emanates,  and 
the  softest  or  semi-bituminoua  is  most  remote,  but  with  this  e^feption: 
when  the  coal  is  unprotected  from  the  intense  heat  by  inteivening  strata, 
it  is  frequently  destroyed  by  that  heat,  or  subsequently  crushed  and  dis- 
torted by  the  contractions  of  the  crust  when  condensed  by  the  evaporation 
or  loss  of  the  same,  viz.,  heat. 

Various  attempts  have  been  made  to  develop  the  coals  of  New  England, 
by  practical  as  well  as  those  who  were  not  practical  men ;  but  they  have 
all  resulted  in  feilure,  not  for  the  want  of  means  or  experience  (except  in 
a  few  cases),  but  because  the  beds  were  too  unreliable  and  irregular  to 
permit  the  production  of  coal  with  economy,  or  in  competition  with  crining 
operations  in  the  reliable  coal-beds  of  Pennsylvania. 

We  give  below  a  section  from  Taylor's  Statistics,  across  the  Portsmouth 
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basiQ  in   Rhode   Island,   frotu    Mount    Hope  Bay   to    Nari'aganset    Bay, 
looking  north. 

The  centre  of  the  basin,  or  the  measul-es  overlying  the  coal,  appear  to 
consist  of  altered  sedimentary  ioi,!i.=,  metamorphosed  from  the  t 


slates  and  sandstone  to  the  crystalline,  sedimentary,  or  metamorphie,  by 
lieat  in  water.  The  coal  rests  on  a  coarse  conglomerate,  made  up  with  the 
fragments  of  primitive  rocks,  but  singularly  impressed  with  fossi!  forms 
pecuiiar  to  later  ages;  thus  presenting  evidence  of  the  existence  of  the  older 
rocks  in  superior  position,  or  at  greater  elevation  than  the  basin  in  which 
this  coal  was  found.  There  are  three  seams  of  coal  outci'opping  on  the 
western  side,  dipping  towards  the  centre  of  the  basin,  at  an  angle  of  45°, 
but  flattening  towards  the  centre.  They  arc  all  much  crushed  and 
irregular.  The  average  size  of  these  seams  is  about  3  feet;  but  they  are 
constantly  liable  to  sudden  changes,  and  vary  fram  a  few  inches  to  as 
many  feet  in  a  short  distance. 

The  outcrops  frequently  yield  plumbago,  and  occasionally  nests  of  almost 
pure  graphite  are  found  in  the  coal-beds.  That  near  the  surface  is  col- 
lected and  sold  as  black  lead,  under  the  name  of  "British  lustre,"  and 
makes  a  good  polish  for  stoves,  &c. 

Notwithstanding  the  defects  and  irregularities  of  these  coal  formations, 
the  coal  when  in  its  best  condition  is  very  good,  and  presents  the  following 


which  indicates  a  true  anthracite ;  and  most  of  our  geologists  who  have 
examined  this  r^ion  pronounce  the  coal  of  great  local  value.  Professor 
Hitchcock  says,  "  Ere  long,  the  anthracite  of  Ehode  Island,  and  even  that 
of  Worcester,  will  be  considered  by  posterity,  if  not  by  the  present  gene- 
ration, as  a  treasure  of  great  value."  And  in  publishing  his  final  report  in 
1840,  he  says, — 

"I  became  satisfied  that  a  part  of  this  region  was  a  true  coal  formation, 
and  so  marked  it  on  the  map.  I  now  go  a  step  fiirtlier,  and  maintain  that 
the  whole  of  this  tract,  embracing  not  less  than  500  square  miles,  is  a 
genuine  coal-iield  that  has  experienced  more  than  ordinary  metamorphie 
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action.  The  metamorphic  action  to  whicL  this  deposit  and  the  coal  have 
been  subject  is  twofold,  viz.:  first,  mechanical ;  second,  chemical. 

"  Tlie  mechanical  forces  seem  to  have  operated  on  the  strata  containing 
the  coal  in  a  lateral  direction,  so  as  not  only  to  raise  them  into  a  highly 
inclined  position,  but  also  to  produce  plaits  or  folds  such  as  would  be 
formed  if  several  sheets  of  paper  lying  upon  one  another  were  taken  info 
a  man's  hands  and  by  pressure  on  the  oppceite  edges  were  cmmpled  so  as 
to  form  ridges  and  hollows. 

"The  chemical  metamorphoses  which  these  rocks  have  experienced  con- 
sist mainly  in  such  effects  as  heat  would  produce. 

".  .  .  .  The  evidence  seems  very  strong  on  which  I  base  the  conclusion 
that  the  Bristol  and  Rhode  Island  deposits,  with  vegetable  remains,  pos- 
sess much  the  age  and  character  of  a  true  coal-fieid  as  the  Carboniferous 
period  of  the  geologists. 

"I,  In  the  first  place,  the  general  outline  of  the  surface  over  this  field 
corresponds  with  a  regular  coal-field  or  basin. 

"II.  The  rocks  correspond  essentially  to  those  of  the  coal  measures. 

"III.  The  number,  position,  strike,  dip,  and  general  character  of  the 
beds  of  coal  already  discovered  in  the  district  under  consideration  render 
it  probable  that  it  is  all  one  coal-field,  or  essentially  one. 

"IV.  The  character  of  the  vegetable  remains  found  in  connection  with 
these  coal-beds  make  it  almost  certain  that  they  belong  to  the  coal  measures 
of  the  Carboniferous  period." 

Dr.  Jackson  thinks  that  the  coal  of  Mansfield,  in  Massachusetts,  may 
be  worked  with  much  profit  if  pursued  with  skill  and  judgment. 

But  the  difficulty  in  the  way  of  profitable  mining  in  these  New  England 
coal-fields  will  be  evident  to  practical  men.  Most  of  the  coa]  lies  below 
water-level,  and  can  only  be  reached  with  long,  deep  slopes  or  shafts;  and, 
as  the  beds  are  thin,  a  great  distance  must  be  opened  out  to  produce  even  a 
small  amount  of  coal. 

The  cost  of  erecting  machinery  and  establishing  mines  under  such  cir- 
cumstances is  great,  and  the  operation  of  them  expensive;  while  at  best 
the  coal  can  only  be  obtained  at  double  the  cost  in  ordinary  mining  opera^ 
tions  in  other  thicker  and  more  regular  beds.  But,  in  addition  to  all 
those  serious  drawbacks,  when  the  mines  are  opened  and  the  proprietors 
commencing  to  realize,  a  sudden  stop  is  put  to  the  production  of  coal  by  a 
downthrow,  an  upthrow,  a  feult,  or  a  thinning  of  the  seam,  which  may 
continue  to  an  indefinite  extent. 

Th^e  difficulties,  or,  as  the  Richmond  (Virginia)  miners  call  them, 
"troubles,"  are  always  met  with  sooner  or  later,  and  almost  invariably  end 
in  failure.  Three  feet  of  coal  would  pay  well  in  the  New  England  States 
if  the  seams  were  regular  and  pure;  but  under  existing  circumstances  it  ia 
a  question  if  any  mode  of  mining  would  result  profitably.     The  only  rea- 
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sonable  chances  for  success  are  in  basins  of  moderate  depth,  ■where  the 
surface  indications  of  dip  and  uniform  structure  are  favorable,  and  where 
the  beds  are  not  folded  and  distorted,  but  inclining  at  an  angle  of  36°  or 
less,  with  uniform  evenness  of  interveuing  strata. 

Under  such  circumstances  a  company  might  be  justified  in  feirly  deve- 
loping the  resources  of  the  anthracite  fields  of  New  England;  and  if  ope- 
rations are  conducted  with  especial  reference  to  the  circnmstancea  in  which 
the  coal  exists,  and  one-half  the  area  be  productive  of  paying  or  workable 
seams,  the  result  might  be  fevorable,  since  the  coal  is  worth  $5  per  ton  at 
the  mouth  of  the  pit  in  that  r^on,  lying  in  the  midst  of  the  great  Eastern 
markela. 

To  insure  success,  or  to  prove  the  availability  of  mining,  exploring  drifts 
or  gangways  should  be  pushed  constantly  forwards  through  coal  or  fault,  in 
order  to  open  enough  of  the  mine  to  provide  workable  coal  at  all  times, 
leaving  the  thin  or  unworkable  portions  as  pillars,  &c.  By  working  the 
best  portions  of  the  coal  and  driving  narrow  gangways  through  the  unpro- 
ductive parts,  there  would  be  reasonable  chances  of  success. 

THE   AKCADIAN   COAL-FIELDS. 

These  coal-fields  are  located  in  the  extreme  northeastern  limits  of  the 
ancient  Appalachian  Sea,  and,  by  their  singular  and  peculiar  struc^ture, 
offer  conclusive  evidence  in  favor  of  the  propositions  we  have  set  forth  and 
the  theory  which  we  regard  as  established  by  the  iacts  developed  in  regard 
to  the  volcanic  origin  of  the  Paleeozoic  strata  in  the  great  basin. 

It  also  proves  conclusively  the  subsidence  and  consequent  submergence 
of  the  eastern  granite  shores  of  the  ancient  sea.  We  find  the  coal-beds 
existing  under  the  sea,  and  the  deep  basins  or  measures  in  which  these  beds 
exist  10,000  feet  or  more  below  the  common  bottom  of  the  Atlantic  Ocean. 

In  this  remote  comer  of  tlie  great  Appalachian  basin  there  seems  to 
have  been  originally  a  series  of  deep  basins,  as  in  the  region  of  Pennsyl- 
vania anthracite.  But  instead  of  these  deep  basins  becoming  filled  up 
with  the  coarse  sedimentary  material  of  eruptive  volcanoes,  which  existed 
in  the  vicinity  of  the  anthracite  basins  of  Pennsylvania,  and,  consequently, 
filled  them,  the  former  or  Arcadian  basins  were  slowly  and  gradually 
filled  with  the  fine  floating  particles  of  dust  or  sand  which  tiie  waves  or 
the  winds  carried  ta  a  great  distance,  or  became  filled  with  the  limestones 
which  always  aecumulated  in  the  regions  of  deep  and  quiet  waters. 

Active  volcano^  did  not  exist  to  any  great  extent  in  the  vicinity  of  the 
Arcadian  fields.  Those  which  may  have  existed  were  local,  and  effected  no 
material  change  in  the  features  of  this  portion  of  the  earth's  surface.  But 
while  volcanic  vents  did  not  exist  to  fill  with  decomposed  or  water-crushed 
lava  the  deep  Arcadian  basins,  the  eruptions  of  the  long  line  of  vents  to 
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tlio  south  not  only  producefl  part  of  the  material  to  fill  tliem,  but  produced 
the  result  which  depressed  them  below  the  level  of  the  Atlantic. 

We  have  no  doubt  but  that  this  depression  was  slow,  and  the  process  of 
ac«iuQulating  the  vast  pile  of  measures  which  now  fill  these  basins  gradual 
iiiid  continuous.  While  the  coal  formed  in  the  anthracite  basins  and  quiet 
reigned  over  the  face  of  the  vast  inland  eeas,  the  limestones  grew  in  Ar- 
cadia as  they  grew  in  the  West,  but  perhaps  faster. 

The  probable  depth  of  these  basins  is  not  far  from  20,000  feet,  and  the 
thickness  of  the  coal  measures  in  the  deepest  not  much  short  of  15,000 
feet.  It  is  not  probable  that  they  were  originally  of  this  great  depth,  but 
that  they  have  increased  their  original  depth  by  the  gradual  aubaidonce 
which  took  down  all  the  Eastern  mountains  from  Newfoundland  to  Cuba, 
and,  consequently,  the  accompanying  and  nearest  basins.  But  that  they 
were  originally  deep  there  can  be  no  doubt,  since  the  first  2314  feet  of 
measures  contain  no  coal,  and  the  next  succeeding  3240  feet  only  nine 
small  seams  of  coal,  aggregating  10  inches  in  all,  and  corresponding  to  our 
false  coal  measures.  Above  this  there  are  2082  feet  containing  no  coal. 
Thus  we  find  that  over  7000  feet  of  measures  were  precipitated  into  the  deep 
waters  of  the  Arcadian  basins  before  workable  coal-seams  did  or  could  com- 
mence to  form.  Even  then  tho  depth  in  which  they  formed  must  be  great, 
^:ince  the  seams  are  extremely  thin  and  unproductive :  only  7  out  of  47  seams 
are  of  workable  size,  and  these  contain  only  20  feet  of  workable  coal ;  while  the 
other  40  seams  are  only  from  ^  an  inch  to  14  inches  in  thickness  respectively. 

These  47  seams  exist  in  2819  feet  of  measures.  Aboi^e  these  are  2134 
feet  of  measures,  containing  22  unproductive  or  thin  seams,  aggregating 
■5  feet  of  coal.  The  upper  series,  and  perhaps  the  only  truly  productive 
jiortion  of  this  immense  thickness  of  measures,  is  2267  feet  thick,  and 
contains  12  coal-seams,  the  tliickest  of  which  is  36  feet,  the  whole  aggre- 
t;;ating  72  feet  of  workable  coal  in  6  seams. 

The  following  data,  from  a  reliable  and  interesting  report  by  Capt.  Thoa. 
Petherick,  may  be  depended  on  as  representing  the  workable  coal  in  the 
Pictou  district  of  Nova  Scotia. 

NUMBER  OF  COAL-SEAMS  AND  THEIE  THICKNESS  IS  'IHE  PICTOU  DISTRICT, 
NOVA   SCOTIA. 

No.  1.  "Main  coal" 1   ,    ^„     ^  f  36  feet. 

.,     „    ,,-r^  ,„  t  148  feet* i  „„    ., 

No.  2.  "Deep  coal" J  t  22    " 


No.  3.  "Third  co'al". 

No.  4.  "Purvis  coal" , 

,,     t  ,,17!         ■  v  ^  280  feet*.. 

No.  5.  "  FicmmiQg  coal 

No.  6.  "  McGtregor  eoal" 

No.  T.  "Oil  eoal" 240  feet*. 

No.  8.  2d.  Oil  coat,  not  examined 
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At  a  point  wliere  the  Pietou  main  coal  is  set  down  as  38  feet  thick,  the  coal- 
benches  or  strata,  with  intercalated  slates  and  clays,  are  thus  described: — 

Feet.  Inches. 

Koof,  soft  cTumhling  slate 0  3 

Coal,  shalj 0  6  J 

Coal,  laminated,  with  "mother  of  coal" 2  0 

Coal,  cubical 3  2 

Shaly  ironstone  and  fossils 0  4} 

Coal,  laminated  and  cubical,  with  slates 9  3 

Shaly  ironstone,  with  fossils 9  8 

Coal  intermixed  with  iron  balls 1  2 

Coal  with  thin  slates 6  7 

Ironstone  and  sulphur 3  0 

Coal  with  thin  bands  of  slate 10  3 

Coarse  coal  with  slate  and  sulphur 1  0 

Coal  with  sulphur  rolls 2  1 

Coal,  laminated  and  cubical 2  3 

Fire-claj 0  10 

AREA. 

The  area  of  the  Arcadian  coal-fields  is  very  extensive,  and  has  been 
variously  estimatal  from  5000  to  10,000  square  miles.  The  total  area  is 
perhaps  not  less  than  9000  square  miles  of  coal  measures ;  but  we  have 
hesitated  to  accept  2500  square  miles  as  productive,  since  the  large  or  work- 
able seams  cover  but  a  comparatively  small  limit,  while  the  underlying 
and  unproductive  scams  exist  over  a  wide  extent  of  territory.  The  large 
upper  seams  have  not  been  found  in  any  but  the  Pietou  basins.  In  Cum- 
berland, at  the  Joggins,  the  third  series  of  coal-seams  appears  to  produce 
all  the  workable  coal,  which  exists  in  the  following  order: — 

Feet.        Ido1i83. 

1.  Upper  or  Pietou  measures,  not  existing. 

2.  2134  feet,  containing  22  coal-beds (coal)     5  5 

3.2539    "  "  47         "        (coal)  47  9J 

4.  2802    "  "  no  coal-beds 

5.3340    "  "  9        "       (coa!)    0  10 

Beds 78  (coal)^         ~0j" 

The  thickest  bed  among  these  78  seams  ia  only  4  feet  6  inches  in  diame- 
ter, and  contains  only  3  feet  8  inches  of  coal ;  while  only  two  or  three  of 
the  remainder  contain  more  than  2  feet  of  workable  coal ;  and  since  these 
seams  are  measured  where  exposed  on  a  high  bluff  against  the  Bay  of 
Fundy,  or  the  Chignecto  Bay  thereof,  where  much  of  the  original  out- 
crops must  have  been  swept  away  by  the  waters,  and  thus  exposing  the 
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coal-beds  in  their  maximum  condition,  we  may  expect  these  seams  to  de- 
preciate as  they  descend  under  the  deeper  parts  of  this  deep  Cumberland 
liasia.  It  is  not  likely,  therefore,  that  these  seams  will  ever  be  very  pro- 
ductive; and,  since  the  same  lower  measures  exist  exclusively  in  Sew 
Brunswick,  and  perhaps  in  Prince  Edward's  Island  and  Newfoundland, 
these  coal  districts  can  never  be  considered  productive  to  any  extent. 

The  coal  districts  of  the  "Jo^ins,"  in  Cumberland,  and  a  correspond- 
ing horizon  throughout  this  county,  may  produce  coal  for  local  demand,  but 
little  for  exportation.  The  same  may  be  said  of  the  coals  of  New  Bruns- 
wick, Prince  Edward's  Island,  Newfoundland,  the  eastern  extremity  of 
Nova  Scotia,  and  the  southwestern  end  of  Cape  Breton  Island.  The  only 
productive  districts  are  those  of  Pictou  in  Nova  Scotia  and  Sidney  in 
Cape  Breton  Island;  and  we  think  our  estimate  of  2500  square  miles 
quite  as  extensive  as  the  productive  area. 

The  coal-seams  of  Sidney,  in  Cape  Breton  Island,  are  of  moderate 
They  may  be  thus  e 


Top  seam 3  8 

Measures 280  0 

Loyd's  Cove  seam 5  0 

Measures 730  0 

Main  coal-seam 6  9 

Measures 450  0 

Indian  Cove  seam 4  8 

The  Arcadian  coal-fields  in  the  British  Provinces  are  divided  by  geo- 
logists into  a  number  of  districts  or  basins ;  but  each  district  (as  the 
Pictou)  may  be  divided  into  several  basins,  in  which  tlic  coal-seams  undu- 
late without  coming  to  the  sur^e,  or  they  outcrop  and  the  basins  are 
divided  by  the  Mountain  or  Carboniferous  limestone,  or  the  metamorphic 
and  Plutonic  rocks.  The  basins,  however,  are  wide  and  deep,  and  the  dip 
of  the  strata  is  gradual  and  uniform, — seldom  over  20°  in  inclination,  and 
generally  much  below. 

These  basins  were  not  formed,  as  most  of  our  Eastern  basins  are,  on  the 
sandstones  which  fill  or  prepare  them  for  the  coal  measures,  but  are  formed 
on  the  early  limestones  which  succeeded  the  Potsdam  sandstone  and  the 
gneissic  period;  and  the  succeeding  limestones  which  fill  our  Western 
basins  also  make  up  the  greatest  portion  of  the  measures  in  these.  But 
perhaps  there  are  more  shales,  slates,  clays,  and  sandstones  here  than  in  the 
AVest,  as  these  basins  are  deeper  than  the  Western  basins,  and  perhaps  sub- 
ject to  more  drift  and  debris  from  the  higher  grounds  which  surrounded 
thera  and  from  the  great  river  which  flowed  into  them.  They  were 
deeper  than  onr  Western  basins ;  and,  since  all  ai)pear  to  have  been  filled 
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nearly  to  the  brim,  of  course  the  deepest  basing  retained  or  held  the 
greatest  amount  of  sediment, 

The  amount  of  sulphur  and  iron  pyrites  in  the  measures  and  seams 
of  the  Arcadian  fields  is  of  serious  injury  to  the  value  of  the  coal. 
We  may  account  for  its  existence  as  a  creation  from  sublimation;  and 
since  sulphur  and  iron  pyrites  exist  in  greatest  profusion  in  the  vicinity  of 
the  gneissic  formation,  and,  consequently,  in  all  coai-fields,  stratiiied  on  or 
in  the  gneiss,  or  in  proximity  to  it,  we  may  account  not  only  for  the  sul- 
phur, but  the  sulphate  of  lime,  or  gypsum,  which  exists  so  plentifully  in  the 
Arcadian  coal-measures,  on  the  same  principle,  from  the  absence  of  the 
intervening  masses  of  sedimentary  sandstones  which  accompany  all  our 
great  coal  formations,  except  the  Western.  Most  of  the  coals  of  Arcadia 
are  of  the  fitt  or  highly  bituminous  order,  and  plainly  indicate  their  remote- 
ness from  the  regions  of  the  great  heat  which  operated  on  the  Pennsyl- 
vania anthracites. 

The  asphaltum  and  "  oil  coals"  of  New  Brunswick  and  Nova  Scotia 
contain  as  much  bitumen  as  the  best  canncl  coals  of  our  AVestern  fields. 
Some  of  the  lower  coals  in  the  Pictou  district  stand  thus : — 


Ko.  1. 

Carbon 65.70 

Volatile  matter 22.50 

Aah UM 

100.00 


No.  2. 

Carbon 25.23 

Volatile  matter 66.50 

Ash 8.21 

100.00 


No,  1  is  known  as  a  steam  coal;  No.  2,  as  the  Stellar  or  "oil  coal." 
Trom  the  latter,  oil  can  be  made  with  profit, — perhaps  on  an  equality  with 
the  cannel  coals  of  the  Great  Kanawha,  as  fer  as  the  yield  of  oil  per  ton 
is  concerned ;  but  the  relative  cost  of  mining  is  much  greater. 

The  Kanawha  cannel-seams  are  from  4  to  6  feet  in  thickness  above 
water-level,  and  can  be  mined  with  the  greatest  economy;  while  the  "oil 
coal"  of  Nova  Scotia  lies  deep  below  water-level,  is  comparatively  thin, 
and  divided  thus ; — 

Common  bituminous..... 16  inches. 

Oil  coal,  "Stellar" 13      " 

Bituminous  slate,  or  ahale 19      " 

The  seam  is  therefore  only  29  inches  in  thickness,  and  the  oil-producing 
stratum  or  bench  only  13  inches:  it  will  thus  appear  that  the  comparison 
is  unfavorable  to  the  Nova  Scotia  oil  coal. 

The  common  bituminous  coals,  however,  of  Nova  Scotia  are  rich  in 
bitumen,  will  produce  certain  amounts  of  oil,  and  may  be  considered  good 
gas  coal ;  though  much  of  the  Arcadian  coala  crumbles  on  exposure  to  the 
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atmosphcrCj  and  are  subject  to  spontaneous  combustion  in  consequence,  as 
some  of  our  Brooklyn  friends  may  know  to  their  cost. 

A  specimen  of  the  best  gaa  coal  produced  the  following  analysis : — 

Volatile  matter 32.0 

Fixed  carbon 59.3 

Ashes 8^ 

100.0 

This  result  is  nearly  the  same  as  may  be  obta,ined  from  the  Richmond 
{"Virginia)  eoals,  which  are  as  favorably  located  to  the  shipping  at  tide-water 
as  the  coals  of  Pictou,  and  which,  perhaps,  can  be  mined  with  equal 
economy. 

A  mean  of  several  specimens  of  Virginian  gas-coal  gave — 

Carbon 58.50 

Volatilo  matter 37.50 

Ash 5.0Q 

100,00 

An  average  specimen  of  the  "Westmoreland  (Pennsylvania)  gas  coal,  on 
the  line  of  the  Pennsylvania  Central  Railroad,  which  is  used  extensively 
for  gas-maliing  purposes  in  Pennsylvania,  made  the  following  analysis: — 

Carbon 59.50 

Volatile  matter 30.00 

Ash 4.50 

100.00 

The  cost  of  putting  either  of  those  two  coals  in  New  York  cannot  vary- 
much  from  the  cost  of  the  Nova  Scotia  coal;  and  as  they  are  equally  as 
good,  if  not  better,  there  can  be  no  good  reason  why  wc  should  import  gas 
coal  to  this  country  when  we  have  more  of  the  article  than  all  the  rest  of 
the  world  combined.  Ail  such  importations  are  simply  wasteful  leaks  in 
our  economy,  which  need  stopping. 

We  shall  not  attempt  to  identify  the  Arcadian  coals. 
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CHAPTER    XXI. 

VIRGINIA  AND  NOETH  CAROLINA  COAL-FIELDS. 

Character  and  Location  of  tlie  Southern  Coal-Fielda — CompariBons  of  the  Eastern  acd 
Western^ields— The  Formation  of  Coal— The  Richmond  Coal-Fi eld— Granite  Formations 
— Eitinct  Volcanoes — Transverse  Section — Vertical  Sections — Irregularities — Difficulties 
of  Mining— South  Side— North  Side— Coal-Beds— Iron  Ore— Natural  Coke— Whin  Rook 
—Cinder— Mines  and  Production— The  Piedmont  Coal-Field— Gneissic  Floor- Trap 
Dikes — Coal-Beda — Dau  River  Coal-Field — Location  ami  Character— Deep  Eiver  Coal- 
Field— Great  Depth  of  the  Measures— Coal-Beds— New  Kiver  Coal-Field— Proto-Car- 
bonifetous— ^Eilent  and  Character— Ores — Outlet  to  the  West. 

Following  the  description  of  the  Western  and  Eastern  eoal-fieldg,  we 
propose  now  to  notice  briefly  the  Southern  independent  coal-fields,  whicli 
exist  in  the  primitive  roeka,  or  on  the  Atlantic  slopes,  and  are  formations 
of  a  later  date  than  the  Alleghany  or  Western  bituminous  coals,  which 
belong  to  the  true  or  Carboniferous  era.  These  are  small,  impure,  irre- 
gular, and  insignificant  deposits,  compared  with  the  great  fields  of  the 
West;  but  being  located  in  populous  districts,  remote  irora  the  regions  of 
the  true  bituminous  coals,  they  become  of  great  local  value.  The  coat  of 
mining  is  always  greater  in  such  irregular  formations,  as  we  shall  describe; 
but  the  coal  is  frequently  pure  enough  for  all  practical  purposes,  except  the 
smelting  of  iron,  and  generally  of  a  charawter  suitable  for  steam  and  most 
domestic  purposes. 

There  are  live  distinct  coal-formations  in  Virginia  and  the  Carolinas. 
Three  of  these  appear  to  be  creations  of  relatively  different  J^es,  bnt  all  of 
later  periods  than  those  of  the  true  formations. 

The  Kichmond  coal-field,  near  Bichmond,  in  Vii^inia,  lies  within  the 
granite  basins  of  the  primitive  formations,  but  is  nevertheless  the  latest 
creation.  The  Piedmont  coal-field  lies  farther  inland,  in  the  counties  of 
Prince  Edward  and  Cumberknd,  and  is  within  the  gneissic  basins,  or  the 
crystalline,  sedimentary  deposits  of  the  metamorphie  era;  bnt  the  coal  is  of 
an  earlier  period  than  that  of  Hichmond.  This  field  is,  perhaps,  part  of 
or  a  parallel  formation  with  the  Dan  Eiver  coal-field.  The  Deep  River 
Mal-field,  in  North  Carolina,  is  undoubtedly  of  a  cotemporary  date  with 
the  Piedmont  and  Dan  River  coal-fields,;  but  the  composition  of  its  litho- 
logical  structure  is  materially  different,  owing  to  the  character  of  the 
sources  from  which  it  was  derived.  The  New  Eiver  coal-field,  in  Mont- 
gomery county,  Virginia,  essentially  differs  from  all  other  coal  formations 
in  this  country,  and  is  perhaps  the  oldest  coal  in  existence,  or  the  creation 
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of  the  proto-Carbonifcrous  ages.  The  character  of  the  strata  in  which  it 
exists  belongs  to  the  Vespertine  period  of  tlie  Palaeozoic  formations,  and  the 
fossils  found  therein  apparently  belong  to  the  earliest  dates  of  the  Carbo- 
niferous era.  Therefore,  we  place  the  New  River  coal-field  in  an  older 
position  than  the  great  coal-fields  we  have  been  describing;  while  the  coal- 
fields of  the  East,  though  occupying  positions  on  roeks  of  the  older  form- 
ations, are  still  more  recent  in  their  respective  creations. 

The  great  coal-fields  of  the  West,  or,  more  properly  speaking,  of  the 
interior  portions  of  our  continent,  are  among  the  oldest  creations  of  coal, 
and  the  productions  of  the  Carboniferous,  or  Gebat  Coal  Era,  when 
nine-tenths  of  the  coal-deposits  of  the  world  were  formed.  Yet  those 
immense  deposits  of  coal  are  stratified  in  a  comparatively  late  geological 
ngCj  since  which  no  great  lithological  structure  has  been  created  on 
this  continent.  The  Permian,  ovei-lying  the  coal,  caps  the  Palteozoie 
column  but  rarely  in  this  country,  and  to  a  very  limited  extent.  There- 
fore the  coal  measures  proper  may  be  considered  the  last  great  creation  of 
this  continent,  since  we  consider  the  Lignites  and  Tertiary  coals  of  the 
western  margin  of  the  Appalachian  or  ancient  sea  the  cotemporary  forma- 
tions of  those  great  Eastern  beds  of  true  coal.  But  those  imperfect  coals 
wei'e  created  under  less  fevorable  conditions  than  the  true  eoals  of  the 
East.  The  sea  was  shallow  on  its  western  margins,  as  all  the  circum- 
stances— and  they  are  numerous — prove.  The  vegetation  may  have  been 
profuse  in  tliose  shallow  waters;  but  vegetation  alone  was  not  sufficient  to 
form  the  vast  coal-beds  in  the  East,  and  did  not  form  them  in  the  West. 
The  hydro-carbon  oils,  which  were  the  productions  of  heat  and  the 
chemical  combinations  of  certain  minerals,  as  described  in  Chapter  IV., 
were  deficient  in  tJie  western  margins  of  the  great  basin,  or  ancient  sea; 
and,  consequently,  the  coal  is  also  deficient  and  imperfect. 

It  may  seem  strange  to  those  not  familiar  with  geology  and  the  circum- 
stances attending  the  creation  of  coal,  that  the  coal-fields  of  Virginia  and 
North  Carolina,  which  exist  in  the  oldest  rocks,  should  be  of  still  later 
date  than  the  fields  reposing  on  our  latest  creations;  but  this  apparent 
irregularity  can  be  clearly  explained,  we  think,  on  the  principles  advanced 
in  Chapter  III. 

When  the  coal-fields  of  the  interior — which  we  often  apeak  of  as  the 
West,  more  from  habit  than  from  propriety — were  in  course  of  formation, 
the  rocks  in  which  the  Southern  coai-fields  exist  occupied  an  elevated  posi- 
tion as  a  great  coast-range  of  granite  mountains,  washed  on  the  west  by 
the  waves  of  the  ancient  Appalachian  Sea,  and  on  the  east,  perhaps,  by  the 
Atlantic.  But  the  position  of  those  Eastern  coal-beds  was  then  high 
above  water-level  and  destitute  of  all  the  conditions  necessary  to  create 
coal.  Since  the  formation  of  the  Paheozoic  strata  and  the  coal  measures 
they  sustain  in  the  ancient  sea,  the  great  coast-range  subsided.     Perhaps 
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the  subsidence  was  gradual,  and,  as  the  sedimentary  strata  rose,  the  primi- 
tive crust  waa  depressed,  since  the  material  which  formed  tlie  one  was  at 
the  expense  of  the  other,  as  formerly  stated  in  the  early  pages  of  this  work. 
The  consequence  of  this  change  of  physical  structure  is  evident.  When 
the  granite  mountains  were  diminished  and  sunk  their  tall  heads  beneath 
the  waves  of  the  Atlantic,  and  comparative  quiet  reigned  along  its  volcanic 
shores,  the  small  coal-fields  of  Virginia  and  North  Carolina  came  into 
existence.  They  all  occupy  deep  depressions  or  cavities  in  the  primitive 
rocks, — perhaps  the  craters  of  extinct  volcanoes, — and  the  materials  com- 
posing their  strata  or  measures  are  the  debris  of  the  higher  lands,  brought 
down  by  the  rivers  which  traverse  them,  and  in  this  respect  are  totally 
unlike  the  coal-fields  of  the  Carboniferous  era. 


THE   RICHMOND,  OB   TIDE-WATER,  COAL-FIELD. 

This  coal-field  crosses  the  James  Elver  about  12  miles  west  of  Eich- 

mond,  Virginia,  and  extends  iu  a  north-aud  south  direction  to  the  Appo- 


mattox, 20  miles  west  of  Petersburg.   It  is  about  30  miles  long  by  5  miles 
wide,  and  contains  an  area  of  about  150  square  miles.     But  perhaps  less 
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than  half  of  this  area  contains  available  coal,  owing  to  the  undulations  of 
the  granite,  which  rises  to  the  sur&ce  repeatedly  in  many  sharp  and  abrupt 
peaks. 

The  basin  is  irregular,  and  is  surrounded  by  a  fine-grained  granite, 
resembling  sienite,  which  produces  an  excellent  building-material,  almost 
equal  to  marble  in  appearance.  The  interior  of  the  basin  presents  peaks 
of  granite  of  various  textures,  with  occasional  dikes  of  trap  and  porphy- 
ries. The  field  consists  of  a  series  of  deep  basins,  the  whole  resembling 
the  vast  crater  of  some  expired  volcano,  studded  with  sharp  peaks  and 
surrounded  by  rugged  and  irregular  sides.  The  inequalities  of  the  basin 
are  in  a  measure  modified  by  the  sedimentary  deposits  which  preceded  the 
coal.  But  these  deposits  only  filled  the  deeper  hollows,  leaving  the  coal 
in  many  cases  to  be  stratified  on  a  granite  base.  It  seems  evident  that  no 
subsequent  crust-movements  of  importance  have  taken  place  in  those 
Eastern  and  late  formations.  The  deposits  are  thickest  in  the  deeper 
basins  or  synclinals,  limited  on  the  inclining  sides,  and  very  thin  on  the 
anticlinals,  thus  proving  positively  that  the  basins  existed  much  in  their 
present  condition  when  these  deposits  took  place. 

In  the  deep  and  inverted  basins  of  the  anthracite  regions  of  Pennsyl- 
vania this  is  not  the  case;  for  the  strata  are  frequently  thicker  on  the 
inverted  side  than  in  the  bottom  of  the  deep  basins  or  the  more  uniform 
dips,  as  may  be  observed  at  Pottsvilie,  where  the  conglomerate  is  thidier — 
though  leaning  in  an  inverted  manner  from  the  perpendicular — than  it  is 
in  the  bottom  of  the  basins. 

We  find  some  comparatively  steep  dips  in  the  Richmond  coal-field,  con- 
sidering them  as  original  formations;  but  it  is  rare  to  find  any  available 
coal  on  these  abrupt  dips.  The  coal,  as  well  as  the  sedimentary  strata,  is 
always  thickest  in  the  depressions,  or  synclinals,  and  thinnest  on  the  saddles, 
or  anticlinals.  There  are  no  slips  and  "heaves"  as  represented  in  Taylor's 
Statistics.  Ail  the  irregularities  are  caused,  with  one  or  two  rare  excep- 
tions,— to  be  subsequently  described, — by  the  original  inequalities  of  the 
granite  floor,  as  approximately  illustrated  in  iigure  133. 


The  inequalities  are  much  greater  locally  than  the  generalized  section 
portrays,  and  more  distinctly  represented  by  figure  107,  under  the  chap- 
ter on  Faults,  &c.  Those  "troubles,"  as  the  cone-like  synclinals  are  locally 
named,  are  numerous  and  really  troublesome.  The  basins  vary  in  depth ; 
but  the  principal  ones  are  about  one  thousand  feet  deep.     The  dips  of  the 
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s  on  the  east  sides  are  from  20°  to  40°,  and  sometimes  much  greater 
but  on  the  west  tlie  dips  (dipping  east)  are  from  25°  to  80°, 
or  sometimes  perpendicular;  and  generally  the  descent  to  the  ^'"^  ^^'^■ 
basins  on  the  east-dipping  strata  is  in  steps,  the  coal  resting 
invariably  on  the  less-inclining  strata  at  the  foot  of  each 
abrupt  descent.  The  basins  generally  contain  large  deposits 
of  coal,  varying  from  20  to  CO  feet  in  thickness,  particularly 
on  the  South  Side,  where  all  the  available  coal  is  found  in  one 
bed  near  the  base  of  the  measures,  and  not  much  above  the 
granite. 

Figure  134  represents  the  measures  in  the  basins  on  the 
south  side  of  the  anticlinal,  near  James  Eiver,  This  anti- 
clinal in  a  manner  divides  the  northern  end  of  the  coal-field 
from  the  centre  and  south.  It  rises  about  two  miles  south 
of  the  river,  and  between  it  and  the  Blaelt  Heath  and  Mid- 
lothian mines,  as  marked  on  the  map.  The  measures  to  the 
south  of  tliis  anticlinal  are  as  shown  in  this  figure,  and  are 
materially  different  from  those  on  the  north  side  of  tlie  anti- 
clinal, as  will  be  noticed  farther  on. 

There  is  only  one  bed  of  available  coal  on  the  South  Side, 
at  the  base  of  the  measures,  and  in  basins  from  700  to  1000 
feet  deep  from  the  surface.  The  bed  varies  from  10  to  60 
feet  in  thickness ;  but  its  average  size  is  from  20  to  30.  In 
those  deep  basins  the  coal  is  very  dry  and  gaseous,  containing 
a  lai^e  amount  of  gas,  but  producing  a  limited  quantity  of  ri'oXsou™"DB 
bitumen.  It  cokes  indifferently,  being  too  dry  to  form  a  "icHH^oKD^conL- 
good  solid  coke,  but  is  reasonably  pure.  It  makes  an  accept^ 
able  gas,  better  than  most  of  the  Nova  Scotia  coals,  and  in  lai^er  (Quantities 
than  the  coals  from  the  Eastern  basins  of  the  Alleghany  field,  but  does  not 
equal  in  quantity  or  purity  the  gas  produced  by  the  richer  coals  of  the 
interior  basins,  or  the  cannels  of  Kanawha. 

The  modes  of  mining  pursued  are  exceedingly  primitive,  and  the  cost 
of  producing  coal  at  least  double  that  of  our  anthracite  or  Western  coal- 
fields. Experience  and  capita!  would  undoubtedly  remove  some  of  the 
expense,  and  render  mining  more  profitable ;  but  the  formations  of  this 
coal-field  are  so  peculiar  and  uncertain,  that  no  man,  however  experienced 
in  other  coal-fields,  should  feel  confident  in  this,  without  much  study  and 
investigation.  "With  all  the  practical  information  that  can  be  obtained,  the 
chances  will  be  unfavorable.  It  is  true  that  most  of  the  blunders  and 
failures  made  in  the  Richmond  coal-field  are  the  results  of  ignorance, — but 
rather  a  want  of  local  information  than  general  mining  experience.  The 
changes  are  so  frequent  and  irregular,  and  but  seldom  betrayed  on  the  sur- 
i&ce,  which  is  a  series  of  undulating  sand-hills,  that  no  judgment,  however 
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practical,  can  be  depended  on  withoat  actual  testing  by  proof-shafts.  If  a 
deep  shaft  is  sunk  on  an  anticlinal  crest,  where  the  measures  are  nearly 
flat,  aa  is  frequently  the  case,  the  work  is  useless ;  and  it  is  not  always 
possible,  even  with  the  aid  of  exploring  pits,  to  be  cerfeiin  of  starting  in 
the  right  locality,  since  those  "  troubles"  do  not  always  betray  their  exist- 
ence in  the  upper  strata.  As  we  before  stated,  the  sedimentary  deposits 
are  always  thickest  in  the  depressions,  and  the  consequence  is,  that  anti- 
clinal cones  of  small  elevation  are  soon  covered,  and  the  upper  strata  are 
not  affected  or  folded  by  them.  We  do  not  write  this  to  discourage  the 
development  of  the  Richmond  coal-field,  but  to  put  capitalists  on  their 
guard.  We  think  there  are  few  coal-fields  more  inviting  to  the  miner 
than  the  Richmond  basins;  but  there  are  none  where  skill  and  engineering 
talents  are  more  needed  to  insure  success.  Success,  however,  is  certain  to 
those  who  go  prudently  to  work  and  develop  with  sound  judgment. 
Our  sections  will  convey  a  good  general  Idea  of  the  formations ;  but  we  do 
not  pret«nd  to  show  the  numerous  undulations  or  "  troubles"  which  exist 
within  the  principal  basins. 

The  Midlothian  and  Clover  Hill  mines  are  the  principal  works  on  the 
South  Side  at  present,  or  which  were  in  operation  on  that  side  of  the  James 
River  at  the  commencement  of  the  war.  The  celebrated  Black  Heath  had 
been  worked  out  and  abandoned  some  years  previous.  The  area  betiveen 
tJiese  points  has  not  been  proved ;  though  coal  is  supposed  to  exist  in  irre- 
gular basins  almost  the  entire  distance. 

Though  these  mines  have  been  worked  more  or  less  for  a  period  of  fifty 
years,  but  a  small  portion  of  the  coal-field  has  been  exhausted.  Between 
the  Midlothian  mines  and  the  James  River  the  measures  are  much  disturbed 
by  the  dividing  anticlinal,  and  the  change  in  the  nature  of  the  coal  and 
the  order  of  its  stratification.  The  main  bed  of  the  south  basin  either 
splits  into  several  smaller  seams,  or  a  new  order  of  stratification  takes  place, 
as  represented  in  figure  135,  which  is  a  vertical  section  of  the  measures  in 
the  basins  of  the  north  side.  But  the  change,  as  before  observed,  takes 
place  some  two  miles  or  more  south  of  the  river. 

Through  the  omission  of  some  of  the  figures  in  this  section  (figure  135), 
the  thickness  of  the  measures  is  not  generally  given.  The  general  depth 
of  the  north-side  basins  is  less  than  those  of  the  south  side,  and  may  be 
estimated  from  500  to  800  feet.  But  there  are  exceptions ;  and  we  have 
no  doubt  the  depth  of  the  basin  at  Dover,  on  the  west,  is  fully  1000  feet. 

It  will  be  observed  that  the  order  of  stratification  in  figure  135  is 
quite  diSerent  from  that  of  figure  134,  representing  the  south  side,  and 
not  only  the  order  of  deposit  is  different,  but  the  whole  character  of  the 
formation  differs.  There  nothing  but  a  coarse  qnartzose  sandstone,  inter- 
calated with  slates,  overlies  the  coal;   but  here  we  find  iron  ores,  trap, 
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The  lower  bed  in  figure  135  is  iron  ore,  and  lies  some  50  feet  above  the 
granite,  the  character  of  the  intervening  apace  not  being  developed,  but 
believed  to  contain  only  small  seams  of  coal  intermixed 
witli  slates  and  coarse  sandstones.     This  bed  of  ore  ranges 
from  2  to  8  feet  in  thickness,  but  is  very  lean,  and  contains 
but  a  small  percentage  of  metal, — not  over  15  or  20  per  cent. 

The  second  aeam  in  ascending  order  is  a  r^ular  seam  of 
bituminous  coal,  ranging  from  5  to  10  feet  in  thickness,  but 
is  very  much  injured  by  the  numerous  small  bands  of  bone 
and  slate  which  are  mixed  through  the  coal,  and  which  it  is 
almost  impossible  to  separate  by  the  means  ordinarily  in 
use  at  those  mines.  The  coal,  however,  is  good,  and  might 
be  separated  from  impurities  by  proper  care  and  mechanical 
arrangement. 

The  third  seam  is  much  better  in  character  than  the 
former,  and  contains  much  less  impurity.     Its  usual  size  is 

4  feet.  The  fourth  seam  is  also  a  good  workable  coal, 
ranging  from  5  to  7  feet  tiiick,  and  produces  an  excellent 
article  of  fuel.  It  is,  however,  streaked  with  bone  and 
slate,  but  not  to  the  same  extent  as  the  lower  scam,  and 
perhaps  not  to  a  greater  extent  than  many  of  our  work- 
ab!e  beds  in  the  older  and  more  regular  coal-fields. 

The  fifth  seam  is  a  bed  of  natural  cohe,  ranging  from 

5  to  6  feet  in  thickness.  The  seam  originally  appears  to 
have  been  less  mixed  with  impurities  than  any  of  the 
underlying  beds,  since  the  coke  is  singularly  pure  and  ex- 
cellent. In  appearance  it  is  very  much  like  the  artificial 
coke  formed  from  a  rich  caking  bituminous  coal ;  and  in 
character  it  is  a  true  carbon,  containing  the  same  constitu- 
encies as  an  artificial  coke  after  being  exposed  some  time 
to  the  weather,  or  common  red-ash  coal  of  the  anthra- 
cite mines.  It  has  less  lustre  than  newly-broken  artificial 
tsoke,  and  its  fracture  is  more  like  that  of  bituminous  coal, — 
though  it  sometimes  tends  to  the  conchoidal  or  irregular.  'iioNDcorL  f'e'l^. 
There  are  two  or  three  varieties  or  grades  of  this  natural 

coke  in  the  same  seam,  and  often  within  short  distances.  The  most  valuable 
is  denoted  as  "  soft  or  free-burning  coke,"  and  the  less  valuable  as  "  hard  or 
popping  coke,"  from  its  tendency  to  fly  and  "  spit,"  like  hemlock  or  spruce 
wood,  on  a  fire.  The  soft  coke  burns  beautifiilly,  and  much  like  good  red- 
ash  anthracite;  but  the  "hard  coke"  ignites  with  difficulty,  and  bums 
slowly  unlras  under  a  strong  draft.  The  gas  or  moisture  which  it  contains 
does  not  readily  escape  on  heat  being  applied,  owing  to  its  hardness  and 
density,  but,  on  expanding  under  tlie  heat,  bursts  its  cells  and  scatters 
pieces  of  the  coal  around,  often  with  great  violence. 
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About  60  feet  over  this  bed  of  natural  coke  lies  a  "whin  rock,"  having 
all  the  appearance  of  trap,  or  basalt,  and  is  of  excessive  hardness.  The 
strata  in  its  vicinity  have  a  reddish  appearance,  as  if  altered  by  heat;  while 
the  next  seam  above  it,  and  only  divided  by  a  few  feet  of  fire-clay,  is  a 
perfect  cinder,  and  entirely  valueless.  The  seam  containing  the  cinder 
appears  to  have  been  about  four  feet  in  tliiokness,  but  is  now  much  mixed 
with  fire-clay  and  iron  and  sulphur  balls.  The  whole  appears  to  have  been 
clianged  by  intense  heat,  and  the  carbon  of  the  coal  entirely  expelled, 
leaving  the  cinder  in  irregular  masses,  mixed  with  the  clay,  sulphur,  and 
iron  balls. 

There  is  no  evidence  externally  of  volcanic  eruption ;  but  there  can  be 
no  doubt  of  the  fact  that  this  "whin  rock"  is  a  formation  of  subsequent 
era,  and,  instead  of  being  ejeetetl  at  right  angles  through  the  measures,  it 
found  a  more  easy  exit  between  them,  and  under  the  bed  of  coal  which  it 
has  so  singularly  changed. 

We  are  not  sure  that  this  bed  of  whin  rock  extends  unbroken  through 
the  east  basins  on  the  north  side,  but  it  is  found  on  the  south  side  of  the 
river,  north  of  the  anticlinal  before  mentioned.  It  has  only  been  found  in 
the  basins  of  the  east  side,  in  the  north  end  of  the  field,  and  is  not  found 
at  Dover,  on  the  west  side.* 

It  is  developed  extensively  at  the  Carbon  Hill  mines,  on  the  east  side  of 
the  basin,  but  has  not  been  found  on  the  west  side.  In  the  deeper  portions 
of  the  basins  the  coke  depreciates  in  thickness,  and  the  lower  part  of  the 
seam  is  a  semi-anthracite,  while  the  coke  is  "soft,"  but  excellent.  There 
are  two  beds  of  thin  iron-stone  over  the  "cinder"  bed;  but  they  are  poor 
and  unreliable,  and  not  of  any  commercial  value. 

The  measures  of  the  north  end  of  the  field  are  made  up  chiefly  of  slates 
and  shales;  but  several  massive  rocks  of  coarse  quartzose  sandstone  are 
stratified  through  them.  The  material  filling  the  basins  of  this  coal-field 
evidently  came  from  the  surrounding  country, — chiefly  from  the  higlier 
grounds  up  the  rivers, — and  are  not  the  result  of  volcanic  eruptions,  aa 
are  the  measures  of  the  great  Appalachian  fields  generally. 

The  fossils  found  in  the  measures  incline  naturalists  and  geologists  to 
place  this  formation  in  the  Jurassic  or  oolitic  periods;  but  there  is  some 
doubt  as  to  its  exact  place  in  the  scale  of  creation.  We  think  there  can  be 
no  doubt  of  its  late  origin;  but  throughout  our  labors  we  have  found  but 
little  aid  as  to  the  identity  of  coal-beds,  or  coal  measures,  from  the  fossils 
they  present.  We  do  not  profess  to  know  enough  of  fossil  botany  to 
depend  on  our  own  judgment,  and  nothing  definite  enough  has  yet  been 
developed  by  tlie  labor  of  others  to  be  of  any  certain  value  at  the  present 
time  of  writing.     We  hope,  however,  that  tlie  time  is  not  far  distant  when 

*  By  the  South  Side  is  meant  that  eide  of  the  James  RiTer. 
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the  geologist  will  read  tlie  pages  of  nature,  as  M'ritten  on  the  rocks,  as  cor- 
rectly as  we  now  comprehend  the  wonderful  leaf-like  pages  those  rocks 
represent  in  the  iithological  foldings  of  the  earth's  crust. 

The  only  operations  of  note  conducted  in  the  Richmond  coal-field  liefore 
the  war  were  the  Midlothian  and  Clover  Hill  mines  on  the  South  Side,  as 
before  mentioned,  and  the  Carbon  Hill  aad  Dover  mines  on  the  north  side. 
The  Dover  mines  were  worked  on  an  exceedingly  limited  scale,  by  two 
or  three  parties.  There  were  also  several  very  small  operations  con- 
ducted in  several  other  localities,™ on  the  south  bank  of  the  James  River, 
near  the  Danville  Railroad,  in  the  vicinity  of  Black  Heath;  but  the 
amount  of  coal  produced  was  very  limited,  and  the  total  amount  mined  in 
the  Richmond  coal-field  did  not  exceed  100,000  tons  pa-  annum  at  the 
commencement  of  the  war. 

We  think  this  amount  per  annum  will  cover  the  entire  production  of  the 
Richmond  mines  for  the  last  50  years,  as  an  average,  though  we  believe 
250,000  tons  have  been  mined  per  annum  during  a  few  years.  No  regular 
record  has  been  preserved ;  but  the  amount  raised  between  the  years  1822 
and  1841  amounted  to  1,750,000  tons,  or  87,500  tons  per  annum;  and  we 
do  not  think  the  entire  amount  raised  to  be  over  5,000,000  tons  in  the 


The  cost  of  raising  this  coal,  exclusive  of  mining  improvements,  has  not 
been  less  than  $2.50  per  ton,  and,  including  its  delivery  in  Richmond,  about 
$3.50  per  ton.  The  prices  there,  from  1850  to  1860,  rangctl,  for  "run  of 
the  pit,"  from  $4.50  to  $5.00  per  ton,  and  for  best  household  coal,  from 
$6  to  $7. 

There  is  only  one  mine  operated  by  improved  machinery,  including 
pumps,  but  not  including  the  ordinary  fixtures  for  delivering  the  coal  from 
the  mines  to  the  surface.  This  is  the  Midlothian  mine,  where,  at  a  late 
day,  when  nearly  all  the  coal  accessible  to  the  pit  had  been  extracted,  an  im- 
mense and  complicated  Cornish  engine  was  erected  at  a  great  expense, — we 
think  $70,000,~-when  one  of  the  common  "Bull  engines,"  or  a  good  high- 
pressure,  costing  less  than  one-third  of  this  amount,  would  have  been  more 
available.  AVe  merely  mention  this  to  show  the  want  of  practical  know- 
le<lge  in  mining  matters  displayed  by  the  miners  of  that  district.  All  the 
other  mines  are  drained  by  the  old-fashioned  bucket,  and  the  coal  raised  in 
small  "bogies,"  or  "coaves."  The  pits  are  of  small  diameter,  and  will  not 
admit  of  double  hoisting-ways  with  ordinary  ears.  The  Midlothian  pit  is 
over  750  feet  deep  to  the  sump,  or  722  to  the  coal,  which  was  36  feet  thick 
when  struck. 

This  is  the  deepest  pit  in  the  eoal-fleld;  and  including  the  dip-workings 
to  the  basin,  150  feet,  by  slope,  the  total  depth  from  the  surfece  is  900  feet. 

The  Black  Heath  and  Clover  Hill  pits  are  from  500  to  700  feet  deep, 
tlie  Carbon  Hill  from  150  to  450,  and  the  Dover  from  100  to  400. 
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There  is  one  slope  at  Trent's  mines,  near  Carbon  Hiil,  whicli  is  about 
1800  feet  in  length,  and  700  feet  perpendicular,  but  which  has  been 
abandoned  for  some  time,  on  account  of  the  difficulties  with  the  air  and 
water, 

The  mining  op  ratui  in  the  K  hnionl  coil  held  hi\e  been  generally 
of  the  most  piimitive  ihaiactei  '»nd  may  be  refened  to  the  early  days  of 
tiie  elder  Stephenson  in  England  Insteal  of  imprcvmg  ind  progressing, 
they  have  gone  bickwaris  toi  the  last  ten  \eira  and  are  now  less  able  to 
jnine  coal  with  economy  thin  they  were  20  ■^ears  a^o  Jlost  of  the  pro- 
prietors insist  tn  the  but!  et  being  the  best  and  theape'^t  mode  of  drainage, 
and  keep  on    ai^inj  leakt  tisftad  oj  coil      fu  boio 

GiLit  md  permanent  mjury  has  been  done  to  a  hrge  portion  of  this 
coal-field  by  the  numerous  imall  pits  sunk  along  the  outcrops  of  the  coal 
to  the  depth  of  fiom  100  to  200  feet  Tiom  the^e  most  of  the  available 
upper  coal  has  been  exca\  ated  to  an  irregular  and  uncertain  extent,  and 
frequently  by  dip  slopes  fiom  the  bottom  of  these  pits  to  indefinite  depths. 
Those  mines  have  been  long  abandoned  and  the  excavations  filled  with 
watei,  and  i'*  no  lecorda  lie  kept  of  the  direction  and  extent  of  those  old 
workings  it  becomes  dingerous  now  to  approach  them  from  the  deeper 
pits,  wbitb  tf  course  now  yield  all  the  available  coul. 

THE   PiEDMOKT   COAL-FIELD. 

This  small  deposit  of  coal  lies  west  of  the  Richmond  coal-field,  as 
located  on  tlie  map  rcpi-esenting  it  in  connection  with  the  Eichmond 
coal-fleld.  It  exists  in  the  counties  of  Prince  Edward  and  Cumberland. 
The  formation  extends  from  a  point  near  the  James  Eiver  acioss  the 
Appomattox  at  Farmville,  and  in  all  probability  extends  in  coiijieclion 
with  the  Dan  River  coal-field.  But  the  coal  has  only  been  developed  in 
workable  seams  near  Farmville,  or  in  the  vicinity  of  the  Piedmont  mines, 
as  located  on  the  map.  The  area  of  coal  is  small,  and  probably  does  not 
extend  over  20  square  miles  in  the  vicinity  of  Farmville.  The  (brmations 
undulate  excessively;  the  basins  are  irregular,  and  the  dips  to  all  points  of 
the  compass.  The  bottom  rocl^,  resting  on  gneiss,  is  a  coai-se  quartzose 
sandstone,  of  considerable  thickness  in  the  centre  of  the  basins,  but  quite 
tliin  on  its  edges,  where  it  crops  out  between  the  coal  and  tlie  gneiss.  We 
think  this  field  the  creation  of  a  period  following  the  Carboniferous,  and 
earlier  than  the  Richmond  period,  but  formed  in  much  the  same  manner 
and  from  the  same  materials.  The  field,  however,  has  been  much  more 
disturbed  by  the  subsequent  action  of  the  volcanic  forces  than  the  Rich- 
mond. Numerous  dikes  and  outbursts  of  trap  rend  the  measures  and 
divide  the  basins ;  and  only  a  small  portion  of  the  coal  is  workable,  in 
consequence. 
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The  seams  in  this  field  are  very  thin,  and  would  not  be  considered 
workable  in  the  anthraeite  regions  of  Pennsylvania.  They  range  from  6 
inches  to  30  inches.  Of  those  above  12  inches  there  are  7  which  have 
been  proved,  in  about  300  feet  of  measures,  and  lying,  perhaps,  300  to  500 
feet  above  the  gneiss.  The  seams  which  have  been  proved  in  the  vicinity 
of  the  gneiss,  at  the  eastern  edge  of  the  coal-field,  are  very  irregular  and 
impure,  frequently  changing  to  impure  anthracite  in  localities;  while  the 
coal  generally  is  a  dry  bituminous,  containing  much  sulphur  and  impurity, 
coking  with  difficulty,  but  producing  a  hard  coke  under  a  strong  heat  in 
the  coking-ovens.  Nothing  but  white,  brittle  cast  iron  can  be  produced 
with  this  coke  in  the  cupola. 

The  coal  is  generally  hard  and  difficult  to  mine;  the  seams  not  only 
thin,  but  frequently  interrupted  by  "slip  dikes,"  "upthrows,"  "down- 
throws," and  rock  faults,  as  detailed  in  Chapter  XIV. 

This  field  has  been  developed  within  the  last  t«n  years,  and  only  one 
operation  or  mine  has  been  worked  for  local  consumption,  which,  though 
conducted  on  a  small  scale,  was  the  most  systematic  in  Virginia  or  the 
South,  having  complete  arrangements  for  pumping  and  hoisting:  yet, 
owing  to  the  smallness  of  the  seams,  the  cost  of  mining  was  not  less  than 
$2.50  per  ton  delivered  at  the  top  of  the  mine. 

The  locality  of  this  small  coal-field,  in  the  midst  of  a  thickly-settled 
inland  district,  remote  fi'om  otlier  available  coal,  will  make  it  valuable  for 
domestic  purposes  only.  In  the  vicinity  of  the  Penusylvania  anthracites 
or  the  Alleghany  fields,  it  would  not  be  considered  at  present  workable. 

THE  DAN  KIVER  COAL-FIELD. 
This  is  a  small  and  unimportant  deposit  of  coal,  in  the  vicinity  of  Dan- 
ville and  on  the  Dan  River,  crossing  the  liue  between  Virginia  and  North 
Carolina,  It  is  in  all  probability  a  continuation  of  the  Piedmont  coal- 
field, since  the  size  of  the  seams,  the  character  of  the  coal, — sometimes 
changing  to  anthracite, — and  the  similarity  of  the  measures  all  coincide  to 
prove  this  identity;  while  the  lines  of  strike  are  in  the  same  direction. 
The  space  between  these  coal-fields  has  not  been  explored ;  but  the  occa- 
sional appearance  of  the  coal  measures  leaves  little  room  for  doubt  as  to  the 
connection.  But,  as  before  observed,  only  a  small  portion  of  the  coal 
formation  contains  workable  seams,  and  this  applies  as  strictly  to  the  Dan 
River  as  to  the  Piedmont  deposit.  No  developments  have  been  made  in 
this  district  of  a  practical  nature,  and  we  have  heard  of  no  mining  opera- 
tions being  conducted,  though  coal  is  much  needed  at  Danville  and  vicinity. 
The  extent  of  the  Dan  River  field  is  limited,  and  not  much  greater,  in  all 
probability,  than  the  Piedmont,  or  ftom  20  to  30  square  miles,  though  the 
formation  covers  a  comparatively  large  extent  of  territory.     It  does  not 
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seem  to  be  so  much  disturbed  by  the  infu&ion  of  trap  as  the  Farmville 
extension;  but  otherwise  there  is  but  little  difference, 


THE   DEEP   RIVER   COAL-FIELD. 

The  Deep  River  coal-field  lies  principally  in  Chatham  county.  North 
Carolina,  and  on  the  Deep  Eiver,  which  is  the  soutli  branch  of  Cape  Fear 
River.  The  coal-area,  as  far  as  developed,  is  limited,  and  less  in  proportion 
than  represented  in  our  map, — ^perhaps  not  over  60  square  miles;  but  the 
probabili^  is  that  the  coa!  exists  in  a  great  portion  of  the  formation,  which 
extends  from  Oxford,  in  North  Carolina,  to  a  point  near  Cheraw,  in  South 
Carolina,  a  distance  of  100  miles  or  more,  while  its  maximum  width  is 
about  10  miles;  but  the  floor  ou  which  the  coal  measures  rest,  and  whicJi 
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18  80  distinct  from  the  gneissic  rocks  in  which  the  coal-field  rests,  is  veiy 
thick.  Professor  Emmon8  estimates  the  floor  at  3000  feet  in  thickness. 
This  floor,  or  foundation  strata,  are  of  recent  formation,  compared  with 
the  gneiss  in  which  it  is  laid,  and  evidently  has  been  the  wash  of  higher 
grounds  deposited  by  water  in  this  deep  basin, — too  deep,  in  fact,  to  admit 
the  growth  or  formation  of  coal  until  tliia  deposition  had  been  made. 
Though  this  coal-field  may  be  of  nearly  the  same  age  as  the  Richmond 
coal-field,  or  of  cotemporary  existence,  and  may  have  been  formed  in 
pearly  the  same  manner,  the  difference  in  depth  of  the  original  basins 
would  eftect  the  difference  in  stratification  which  we  find  here.  In  the 
Richmond  coal-field  we  find  a  medium  depth,  or  that  depth  most  favorable 
to  the  production  of  coal,  as  stated  in  Chapter  XIII., — that  is,  about  1000 
feet,  or  from  500  to  1000  feet.  But  in  the  Deep  River  basin  the  original 
depth  must  have  been  5000  feet  or  more:  hence  we  find  that  no  coal  was 
,  produced  until  at  least  3000  feet  of  sand  and  slate  had  been  brought  down 
from  the  mountains  by  the  numerous  streams  and  deposited  as  a  floor  in 
this  deep  basin. 

Unlike  the  Richmond  field,  this  floor  is  consequently  uniform  and  even, 
and  the  coal  is  stratified  in  thin  seams  uniformly  through  it,  instead  of 
existing  in  thick  masses  in  the  depressions  and  disappearing  on  the  eleva- 
tions; and,  though  the  coaJ-seams  of  Deep  River  are  comparatively  thin, 
that  field  contains  as  much  coal  to  the  acre,  in  the  aggregate,  as  the  Ricli- 
mond  field.  Tlie  Deep  River  coal  measures  are  similar  to  the  Arcadian, 
except  in  the  absence  of  limestone. 

This  great  Jloor  formation  of  the  Deep  River  field  is  made  up  of  con- 
glomerates and  salidstones  chiefly.  Some  of  these  sandstones  are  fine- 
grained, and  others  are  coarse,  depending  on  the  time  of  their  deposition 
during  periods  of  quiet  or  commotion.  They  are  occasionally  red,  having 
been  changed  by  heat,  apparently,  aa  the  coal  in  the  formation  above  is 
frequently  changed  by  heat  from  a  bituminous  to  an  anthracite. 

On  this  floor  the  coal  measures  proper  are  deposited.  They  consist  of 
alternating  strata  of  black,  carbonaceous  slate,  shales,  and  fossiliferous  sand- 
stoues,  about  1000  feet  in  thickness,  in  which  five  or  six  seams  of  coal  are 
stratified,  respectively  from  6  inches  to  6  feet  in  tliickness.  Over  the  eoa! 
measures,  according  to  Emmons,  there  are  from  2000  to  3000  feet  of  barren 
measures,  composed  of  red  conglomerates,  red  and  green  shales,  slates,  &c. 
We  think  there  must  be  some  mistake  in  estimating  this  enormous  thick- 
ness,— which,  in  the  aggregate,  makes  7000  feet  of  sedimentary  strata  de- 
posited in  the  basins  of  Deep  River,  and  4000  feet  as  the  depth  of  the 
Central  coal-basin ;  which  is  deeper,  in  all  probability,  than  the*existence 
of  any  coal.  Should  this  be  the  fact,  the  coal-seams  of  this  field  will  thin 
as  they  descend,  and  disappear  in  the  deeper  portions  of  the  field. 

At  Egypt,  on  the  Deep  River,  south  of  Haywood,  the  coal  has  been  cut 
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by  shaft  at  a  depth  of  360  feet.  The  largest  seam  appears  to  be  in  the 
upper  portion  of  the  measures,  and  is  about  5  feet  thick,  generally.  It  is  a 
rich  bituminous,  cakes,  and  consequently  cokes  easily,  and  ia  said  to  be  free 
from  sulphur,  but  produces  white  iron  in  the  blaet-fumace.  The  lower 
seams  produce  a  semi-anthracite  occasionally;  but  whether  this  ia  peculiar 
to  certain  portions  of  the  field,  is  not  yet  ascertained.  In  fact,  the  develop- 
ments are  meagre,  and  but  little,  practically,  is  known  concerning  tlie 
resources  of  this  field. 

Iron-ores  of  several  varieties  are  found  in  the  coal-field  and  its  vicinity. 
Those  in  the  field  are  carbonaceous,  argillaceous,  and  sulphnrets,  and  those 
in  the  vicinity  are  red  oxides  and  magnetic.  The  seams  of  ore  are  thin, 
but  frequently  rich,  and  might  be  put  to  great  advantage  in  the  manufac- 
ture of  iron  if  the  coal  can  be  used  in  the  furnace.  This,  however,  has  not 
been  &irly  tested ;  but  it  is  our  impression  that  none  of  tlie  Southern  coal 
will  make  good  iron  in  the  blast-furnace,  and  our  experience  in  this  matter 
entitles  the  opinion  to  some  weight.  The  ores  of  North  Carolina  and  Vir- 
ginia are  rich  and  plentiful,  and,  with  pure  fuel,  produce  the  very  best  of 
iron;  but  the  coal  generally  is  impure,  and  cannot  be  used  successfully  in 
the  blast-furnace.  But  the  Southern  coal  can  be  profitably  used  in  the 
production  of  iron  from  those  rich  ores  otherwise  than  in  the  blast-furnace, 
since  wrought  iron  can  be  economically  made  by  several  methods  in  which 
the  coal  and  the  ore  do  not  come  in  contact,  as  described  under  the  con- 
sideration of  iron  in  anotlier  portion  of  this  work.  No  coal  exists  suitable 
for  use  in  the  blast-furnace  south  of  the  anthracite  fields  and  east  of 
the  AUeghanies, — including  the  Broad  Top  and  the  Cumberland  coals. 
Attempts  were  made  during  the  war  to  use  it,  but  in  all  eases,  as  fiir  as 
■we  liave  heard,  without  success.  All  the  ii-on  produced  in  the  South,  with 
the  exception  of  that  made  in  some  portions  of  Tennessee,  Kentucky,  and 
Missouri,  or  in  the  region  of  the  true  coal-fields  of  the  Appalachian  forma- 
tions, has  been  made  with  charcoal.  A  large  iron-making  establishment, 
including  furnaces  and  rolling-mill,  was  erected  in  Chatham  county.  North 
Carolina,  but  had  not  feirly  got  into  operation  when  the  war,  which  it  was 
built  to  support,  proved  its  destruction.  We  understand  it  was  destroyed 
by  Sherman's  boys,  as  not  required  by  the  United  States  Government! 


THE  KEW  EIVER  COAL-FIELDS. 

These  coal-fields  are  located  principally  in  Montgomery  and  Pulaski 
counties,  in  Southwestern  Virginia,  and  on  the  waters  of  the  New  River, 
which  is«  continuation  of  the  Great  Kanawha.  The  formation  of  whicli 
these  fields  are  parts  is  very  extensive, — apparently  of  equal  extent  to  the 
vast  area  of  the  Appalachian  formations,  or  the  Vespertine  period  of  the 
Palaeozoic  strata.     It  undoubtedly  belongs  to  the  proto-Carboniferous,  or 
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lower  coal  measures,  and  is,  eoDsequently,  older  than  the  true  Carbonifevous 
of  the  Alleghany  and  the  Western  toal  ficldi  It^  phte  i'^  bt,tween  tlit; 
red  shales  of  the  East  and  the  Old  Red  Sand'^tone  or  m  the  Vespertine 
of  Rogers,  and  below  the  Mountain  or  Ciiboniterous  limestone  of  the 
Western  formations. 


The  outcrops  of  this  strata,  and  frequently  its  acconipinymg  thin  scams 
of  coal  and, carbonaceous  shale,  can  be  traced  from  the  Shaip  Mountain, 
and  the  northern  limits  of  X,  or  the  Vespertine,  to  Tennessee,  south  of 
which  it  does  not  come  to  the  surface,  as  far  as  our  experience  goes.  It 
has  been  picked  and  pried  into  at  many  localities,  and  occasionally  thin 
seams  of  crushed  and  impure  coal  are  found,  generally  anthracite  in  cha- 
racter, but  too  impure,  irregular,  and  thin  to  be  of  any  certain  commercial 
value,  except  in  the  single  instance  of  the  New  River  coal-field,  where  it 
has  been  developed  in  several  beds  of  workable  coal,  partially  anthracite. 
North  of  Harper's  Ferry,  on  the  Potomac,  this  formation  seems  to  lie  west 
of  the  Great  Valley ;  but  on  crossing  the  Potomac  it  enters  the  valley 
known  as  The  Valley  in  Virginia,  and  is  found  along  its  western  border, 
at  the  foot  of  the  North  Mountains,  and  in  close  proximity  to  the  lime- 
stones, where  the  eastern  outcrops  of  the  overlying  strata  are  inverted. 
Various  attempts  have  been  made  to  mine  this  coal,  on  the  Juniata,  in 
Sidelong  Hill,  near  the  Potomac,  at  the  "Dora  Mines,"  oa  ihe  north 
branch  of  the  Shenandoah  River,  in  Augusta  county,  Virginia,  at  the 
"  Catawba  mines,"  near  Fincastle  in  Botetourt  county,  at  the  Price 
Mountain  and  Brushy  Mountain  mines  in  Montgomery  county,  and  many 
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points  fitrfher  soutti ;  but  we  do  not  know  of  any  successfal  mining  ope- 
rations except  those  in  Price's  Mountain  and  the  North  Mountain  in 
Montgomery  county,  Virginia,  and  near  the  New  River. 

Here  the  coal  is  found  in  two  parallel  basins,  of  limited  extent,  but  of 
considerable  depth.  Price's  Mountain  basin  is  perhaps  a  thousand  feet 
below  water-level,  while  its  highest  bed  may  be  found  over  500  feet  above 
it.  The  strata  dipping  to  the  east — or  nearly  so,  as  the  "  strike"  is  north- 
cast  and  southw^t — have  a  gentle  inclination  of  about  25° ;  but  the  west 
dip  is  inverted,  with  an  angle  of  75°  to  80°  east.  The  North  Mountain 
basin  has  the  same  gentle  east  dip  and  the  same  abrupt  and  inverted  west 
dip;  but  the  basin  is  not  as  deep  as  that  of  Price's  Mountain,  and  the  coal 
ia  a  semi-bituminous,  instead  of  an  anthracite,  as  it  is  in  the  former. 

Both  basins  are  narrow,  single  troughs,  not  over  1000  feet  wide,  except 
at  the  southern  end  of  Price's  Mountain,  where  the  measures  are  "  tumbled" 
or  crushed,  and  dislocated,  and  the  coal  worthies.?.  But  all  these  formations 
partake  of  the  inverted  feature  peculiar  to  the  Eastern  Paleozoic  sti'uta, 
80  fully  developed  in  the  anthracite  formations ;  and  much  of  the  cool  even 
here,  where  it  exists  in  its  most  favorable  condition,  is  crushed  and  de- 
stroyed as  an  article  of  value.  The  crushing  forces  of  the  lateral  contnic- 
tion  which  folded  the  lithologieal  structure  east  of  the  Alleghanies  in  sharp 
and  ofVrepeated  axes  have  been  powerfully  exerted  in  this  region,  and  not 
only  crushed  and  disturbed  the  coal-seams,  but  so  disarranged  the  regular 
order  of  the  strata  that  much  labor  and  study  is  necessary  to  unravel  it. 
But  here  is  the  proper  place  to  study  those  peculiarities,  which  extend  to 
so  great  a  limit  and  shroud  in  doubt  so  many  of  our  geological  problems. 
The  writer  spent  several  months  in  this  locality  during  1858-59,  and  has 
found  the  lessons  there  learned  of  much  value  to  subsequent  investigations 
throughout  the  extended  line  of  inverted  Eastern  strata. 

There  are  three  principal  seams  in  these  coal-fields.  The  lower  bed 
ranges  from  2  to  4  feet  in  thickness,  and  contains  about  two-thirds  its 
dimensions  of  pure  coal, — anthracite  in  Price's  Mountain,  resembling  the 
red-ash  of  Schuylkill  in  character,  but  in  appearance  more  like  the  splint 
of  Kanawha,  but  semi-bituminous  in  the  North  Mountain,  witli  much  the 
same  appeai-ance.  This  coal  is  remarkably  free  from  sulphur,  but  contains 
much  earthy  impurity,  averaging  from  10  to  20  per  cent,  of  ash.  It  burns 
beautifully,  and  makes  a  lasting  ratlier  than  a  hot  fire,  except  under  strong 
draft.  The  next  or  middle  bed  ranges  from  6  to  10  feet  in  thickness,  iind 
produces  about  one-half  its  dimensions  in  available  coal,  rather  softer  llian 
the  lower  bed,  and  more  "shelly"  in  character  and  appearance,  but  in 
fracture  and  uses  much  the  same.  It  is  about  50  feet  above  the  lower,  and 
divided  by  coarse  flags  or  laminated  sandstones  and  slates.  The  upper 
bed  has  not  been  developed  to  any  extent,  but  it  contains  less  available  coal 
than  the  middle  bed,  and  is  of  a  softer  and  more  unreliable  character. 
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All  these  beds  are  subject  to  frequent  changes,  resulting  from  original 
imperfection  or  subsequent  crustr-movcmeiits,  "  Dirt  faults,"  "  slate  faults," 
and  "rock  feults"  are  common  occurrences.  The  dirt  and  state  fiiults  ara 
in  the  usual  form,  as  shown  in  Chapter  XIV.  The  rock  faults  are  slip 
dikes,  or  "upthrows"  and  "downthrows,"  and  are  frequent  and  serious 
impediments  in  the  way  of  mining  operations.  Sometimes  the  beds  are 
thrown  down  20  or  30  feet,  and  in  a  few  yards  thrown  up  again  10  or  15. 
Several  mining  operations  on  a  small  and  primitive  scale  are  conducted 
in  these  coal-fields.  In  Price's  Mountain  basin,  a  slope,  known  as  Kyle's 
mines,  was  sunk  in  1857-58  to  the  depth  of  150  feet,  and  consider- 
able  valuable  coal  extracted.  We  believe  those  mines  arc  still  in  opera- 
tion. The  other  mines  are  small  drifts  or  tunnels  in  the  North  Mountain, 
— the  whole  productive  of  less  than  10,000  tons  per  annum. 

The  extent  of  this  coal  formation,  as  before  stated,  has  a  wide  range ; 
but  its  outcrops  are  better  developed  along  the  eastern  front  of  the  Alle- 
ghany ranges,  or  the  mountains  parallel  with  the  Great  Valley  range,  than 
dsewhere.  Though  open  at  many  points,  and  productive  of  valuable  coal- 
beds  at  but  few,  this  formation,  under  future  developments,  may  be  of 
great  valu^  to  'the  districts  through  which  it  ranges,  as  an  article  of  fuel 
when  the  country  becomes  more  thickly  peopled.  It  lies  parallel  with, 
and  in  close  proximity  to,  the  richest  and  most  productive  district  on  the 
Atlantic  slopes, — the  Great  Valley  range;  and,  though  the  coal  may  be  im- 
pure and  the  beds  uncertain,  a  great  amount  of  valuable  fuel  may  Iw 
obtained  cheaper  than  it  can  be  transported  from  the  more  reliable  but  dis- 
tant coal-fields  of  the  North  or  West. 

In  the  New  Eiver  coal-field,  which  is  part  of  this  proto-Carboniferoua 
formation,  a  bed  of  pea  conglomerate  exists  in  its  natural  position  as  the 
floor  of  the  coal  measure.  It  ranges  from  10  to  30  feet  in  thickness,  anil 
is  so  nearly  like  the  conglomerate  of  the  eastern  margin  of  the  Great  Alle- 
ghany coal-field,  that,  were  the  other  conditions  identical,  we  should  not 
hesitate  to  pronounce  it  on  the  same  horizon  and  the  production  of  the 
aame  era.  But  since  the  red  shale  is  over  the  coal  measures,  and  the  fossils 
those  of  the  Subcarboniferous,  we  cannot  assign  it  to  the  true  coals;  while 
its  range  is  coincident  with  the  lower  or  false  coal  measures. 

The  anthracite  of  this  region  has  been  used  successfully  in  tlie  cupola 
in  the  production  of  castings,  but  we  have  not  heard  of  its  use  in  the 
blast-furnace.  AVe  have  no  doubt,  however,  of  its  value  for  such  purpo«!s, 
if  divided  from  its  earthy  impurities. 

The  difficulties  of  mining  this  coal,  and  the  irregularity  of  the  beds, 
will  always  be  great,  and  make  the  cost  much  beyond  a  reasonable  limit 
for  the  production  of  iron  to  compete  with  other  and  more  favored  sections 
in  this  respect. 

The  coal  has  been  used  during  the  war,  at  Lynchburg  and  the  towns 
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along  the  line  of  tlie  Virginia  &  Tennessee  Railroad,  in  place  of  the  Penn- 
sylvania anthracite  formerly  used,  for  tlie  purpose  of  producing  castings 
from  the  cupola  or  in  the  foundries;  but  no  pig-iron  was  produced  from 
the  blast-furnaces  in  Virginia  with  coal  as  a  fuel. 

The  ores  in  Southwestern  Virginia,  and  in  the  vicinity  of  these  coal- 
fields, are  abundant  and  rich,  principally  of  the  varieties  known  as  tlie 
red  and  brown  hematites;  but  the  red  oxides  or  fossi lifer ous,  and  some 
magnetic,  also  exist.  While  there  may  be  some  doubt  as  to  the  propriety 
of  using  the  coals  of  the  vicinity  in  the  blast-furnace  for  the  production 
of  pig-iron,  there  can  be  none  in  relation  to  the  value  of  the  ores;  and  the 
day  may  not  be  far  distant  when  enterprise  shall  open  the  way  for  their 
transit  to  the  magnificent  coal-beds  of  the  Kanawha,  where  iron  can  be 
made  with  the  assistance  of  the  ores  of  the  Southwest  as  cheaply  as  it  can 
be  made  in  any  other  part  of  the  world  under  the  same  rate  of  labor. 

The  coals  of  this  region,  however,  will  find  thoir  uses  for  domestic  pur- 
poses. The  surrounding  country  is  unusually  rich  and  inviting;  the  soils 
are  productive,  and  the  valleys  extensive  and  beautiful;  the  climate  is 
delightful,  and  the  scenery  charming.  It  is  naturally  the  richest  and  most 
attractive  spot,  we  think,  in  the  Great  VaJlcy  range,  though  not  so  well 
developed  or  so  wide  as  in  Pennsylvania  nor  so  level  and  extensive  as  in 
East  Tennessee.  Bat  it  is  rich  in  soils  and  minerals,  and  located  in  a 
high  mountain-valley,  where  the  extremes  of  north  and  south  are  modified. 
Copper,  lead,  and  iron  ores  are  abundant,  and  only  waiting  their  natural 
outlet  down  the  New  Eiver  and  through  the  Kanawha  Valley  to  the  great 
West.  Such  a  development  would  not  only  enrich  this  section  of  Vii^inia, 
but  would  be  of  immense  advantage  to  the  manufacturing  interests  of  the 
Kanawha  and  the  valleys  of  the  Ohio  and  Mississippi. 
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We  have  endeavored  in  the  preceding  chapters  to  give  a  concise  account  of  our  coal- 
fields and  their  peculiarities,— to  present  in  a  practical  and  comprehensive  manner 
the  chief  points  of  interest  or  yalue  to  the  miner  or  general  reader  in  regard  to  the 
extent  and  character  of  our  ooal-flelds  and  the  form  and  position  in  which  their  heds 
are  stratJfied  in  the  earth.  The  purelj  scientific  may  not  derive  much  benefit  or  be 
much  interested ;  hut  to  them  also  we  prcBent  manj  facts  and  useful  hints,  that  may 
lead  to  more  definite  ooncluaions  and  more  satisfactory  results  than  the  numerous  theo- 
ries now  extant  in  reganl  to  coal  and  its  formation.  In  the  following  pages  it  is  our 
purpose  to  present,  in  the  plainest  manner  possible  and  as  concisely  as  we  can,  the 
eeorumii/  of  mining  practically  considered  and  as  a  science,  including  the  excavation  or 
mining  and  raising  of  coal,  and  the  drainage  and  ventilation  of  deep  mines. 


"DRIFTS,"  OR  WATER-LEVELS. 


The  first  mode  of  mining  coal 
was  by  open  quarry,  or  by  uncover- 
ing the  ooal-beds  where  they  ap- 
proached the  surface  at  their  out- 
crops, and  extracting  as  much  of  the 
coal  as  possible  until  prevented  by 
water  or  the  increasing  thictnegs  of 
the  covering  earth  The  mMt  re- 
markable in^ttnte  of  mming  by 
"open  quarry"  was  at  the  old 
Lehigh  Summit  mines,  during  the 
early  days  of  the  anthracite  coal 
trade  (see  figure  15),  where  the  out- 
crops of  the  Mammoth  presented  a 
mass  of  coal  nearly  one  hundred  feet 
thick,  covered  by  a  small  amount  of 
eaithy  surface. 
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In  the  Riolimonii  coal-field  numerous  excavations  of  this  kind  are  found  along  Ihe 
outcrops  of  the  Beams,  and,  in  some  cases,  immense  quantities  of  earth  liave  been 
removed  to  obtain  a  small  amount  of  coal.  In  Alabama  the  writer  witnessed  this  mode 
•of  obtaining  coal  within  the  last  five  years,  where  the  negroes  were  removing  thirl'j 
feet  of  cover  to  oh  tain /our /eei  of  coal;  n  hile  the  seam  ^  as  finely  exposed  in  tho  side 
of  the  hill,  where  the  coal  could  have  been  obtained  with  one-tenth  the  labor  by  the 
ordinary  process  of  "drifting"  on  the  seam  But  in  all  countries  this  style  is  always 
the  first  adopted.  We  presume,  however,  the  development  of  the  Southern  coal-fields 
to  be  behind  that  of  al!  other  countries,  as  there  neither  skill  nor  science  has  aided 
brute  force  with  any  degree  of  intelligence. 

Tho  first  regular  system  of  mining  generally  adopted  is  "drifting"  or  tunnelling  on 
the  "strike"  of  the  seam,  in  all  coal-fields  where  the  seams  are  found  outcropping  in  the 
hills  above  water-level.  But  this  mode  can  be  used  only  when  the  beds  are  exposed  by 
denudation,  beneath  their  horizon  when  fiat,  or  beneath  their  line  of  strike  when  pitching. 
Drifts  differ  from  tunnels,  inasmuch  as  the  former  enter  the  seam  and  follow  it;  while 
the  latter  generally  cross  the  measures  at  right  angles  with  the  seam  and  penetrate 
the  rocky  strata  to  the  coal. 

In  tho  anthracite  regions,  drifts  are  generally  used  above  water-level,  entering  the 
seams  where  cut  by  the  watar-courses;  but  where  the  seams  are  not  tlius  exposed,  they 
are  cut  by  tunnels,  and  the  coal  worked  at  right  angles  to  the  same  by  "gangways." 
This  term  (gangway)  is  also  applied  to  the  drift  affer  it  boa  entered  the  bed  a  sufficient 
distance  ta  aiJmit  of  chambers  or  "breasts"  being  "turned."  All  the  main  avenues  of 
the  mine  through  which  the  coal  is  conveyed  from  the  chambers  are  known  as  gang- 
ways.    The  English  miners  call  them  main-wayj,  rolley-ways,  &<:. 

To  explain  more  clearly  to  the  inexperienced,  we  give  the  following  illustration, 
figure  137,  showing  the  outcrop,  strike,  water-level,  and  dip,  which,  in  connection  with 
tho  accompanying  representations,  will  fully  express  the  position  of  coal-beds  and  the 
modes  of  entering  them  by  drift,  tnnnel,  slope,  or  shaft. 

In  figure  137  the  coal  above  the  wafer-leeel  line  may  be  reached  by  drift  from  either 
«ide  of  the  ravine  or  water-cuurse  denoted,  and  on  a  level  with  the  stream.     The  siHka 


of  the  outcrop,  or  course  of  the  seam,  is  indicated  by  the  straight  arrow;  while  the 
actual  outcrop  ia  shown  by  the  bent  arrows  in  the  coal.  The  intervening  space  is 
denuded  by  the  action  of  water,— -both  coal  and  coal  measures  having  been  swept 
away.  The  dip  of  the  coal  is  denoted  by  the  word  in  the  engraving,  but  is  more  clearly 
expressed  in  the  following  cut,— figure  138, — which  shows  the  outcrops  from  an  end 
view,  instead  of  the  surface  view  in  the  preceding. 

The  action  of  the  water,  as  shown  in  the  foregoing  figure,  enables  the  miner  to  entsr 
tjie  i^al  on  its  strike  at  watei^level,     If  not  thus  exposed,  it  could  only  be  opened  by 
1  order  to  effect  its  drainage  and  obtain  the  coal  without 


tunnel  a 

the  use  of  steam-power. 
This  form  of  ouposuro  is  peculiar  to  pitching  seams  and  hilly  districts.     In  districts 
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er  fields  where  the  coal  is  horiaonta!  or  nearly  so, — for  instanop,  as  represented  in  fignro 
123,  Kanawha  region, — the  effect  of  denudation  is  quite  different,  and  the  seams  can  be 
entered  at  almost  any  point  on  the  sides  of  a  mounlain.  Tunnels  cannot  ho  used ;  and, 
when  the  denuding  waters  have  not  cut  down  the  measures  and  exposed  the  seams, 
shafting  alone  can  he  resorted  to. 

But  we  must  follow  the  original  development  of  coal  further,  hcfore  explaining  the 
more  advanced  modes. 

Figure  138  explains  more  fully  the  outcrops  of  pitching  seams,  and  the  mode  in  which 
they  may  be  found  and  proved  on  the  surface  by  means  of  a  "trial-pit."  The  indica- 
tions of  coal  are  unmistakable  to  the  practised  eye,  and  any  good  practical  miner  should 
know  the  difference  between  coal  measures  and  ordinary  strata;  hut  even  the  moat  espe- 
rienced  cannot  always  tell  the  esaot  spot  in  which  a  seam  of  coal  may  be  found  within 
The  surface  is  generally  covered  to  a  considerable  depth  by  debris  or 


t     t       whl 
1    g    b  d  ly    g  1  tw 


wash  from  other  mate      1  th       th  t  th         1        d   t      j  k  U  to  Iw 

the  positions  of  the  sem         df;       tlj  dgggltwh  Oloctd 

proved    as  shown  m  th     p        d         11     t    t         th     t  g    f  th  p    t 

along  their  outcrop  or   t    k  I      d  fti     It  m  tf         I     th         tl         t  I 

lower  series,  or  white-a^h  b  d  g  l!y  b    t        d  by  th  mp     j         ro  1 

which  are  peculiar  and    Ij        )1  Tl  glmtaljlblwthlw 

bed,  and  frequently  b  t 

overlies  the  Mammoth     B  t  tl 

posing  its  slates  and  out      p    f  eq       tly  t         ly  led  f    ) 

upper  seams  are  more  dffi     It  t    fl    i    h  t  k  gth  p    t      d   t  f 

well  known  rock  or  bed   it  is  inly  a  matter  of  patieni-e  and  t  me      Thej  can  always  la 

opened  b>  the  pick  and  shc^id  with  a  little  Inl-or    and  the  tracing  from  po  nt  to  point 

can  then  he  d  ne  by  the  aocompanjing  surface  slates  or  rocks   by  noting  the  d  p  and 

a>  ursi,   and  follow  ng  by  compass  by  tracing  with  an  auger   by  bght  surface-shafting 

or  1  mply  !  y  the  eje  and  mi-nd 

i  more  d  f&cultv  in  finding  the  coal  and  tricing  the 
Id  where  thf  surface  is  vered  with  sand  and  the 
ita  where  the  coal  measures  consequently  ere  con 
irregular  in  both  dip  and  "tnke  nothin„  but  auti  al 
proof  by  shaft  or  auger  will  be  availible  But  n  the  Western  coal  fields  where  the 
mens  ires  are  cut  1  wn  I  r  ^trmm'^  tl  e  d  scoverv  and  trac  ng  of  the  (,ual  seams  ari 
matters  which  rej  i  re  1  ttle  exper  en  e  or  bkill 


I,  al  fiLids  thi 
Beams      In  the  Rii,hmond  coal 
debris  of  distant  and  foreign  s 
cealed  and  where  the  seims  ai 
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SHAFTS,  SLOPES,  TUKNELS,  ETC. 


In  the  accompanying  illuBtration,  figure  139,  we  present  the  various  modes  of  mining 
as  pursand  in  the  anthracite  coal-fields.  The  deep,  abrupt  hasin  of  coal  on  the  left 
)B  opened  bj  slope,  a,  a,  in  preference  to  any  other  mode,  as  the  simplest  and  most 
available.  The  position  of  the  seam,  dipping  at  an  angle  of  60°,  in  which  the  slope  is 
smilt,  would  indicate  it  to  he  the  Mammoth.  The  basin  of  this  seam  is  reached  bj 
the  second  "lift"  in  the  elope.  Bach  "lift,"  of  one  hundred  yards'  depth,  is  denoted 
by  a  tunnel,  c,  c,  driven  to  cut  the  overlying  and  underlying  seams.  From  the 
Fio.  139. 


n  of  the  Mammoth  the  slope  is  continued  another  "lift" — the  third — across  the 
9  to  the  basin  of  the  Buck  Mountain  bed,  or  B;  and  by  this  means  the  entire 
basin  is  exhausted  with  much  economy,  and  in  less  time  than  it  could  he  made  available 
by  shaft. 

To  the  inexperienced  this  may  require  a  little  more  explanation.  The  upper  or 
■water-level  portion  of  the  seams  here  denoted  is  marked  out  by  means  of  drifts,  d, 
wliich  may  be  estimated  as  starting  at  water-level,  and  300  feet  from  fhc  outcrops, 
below  the  engine-house.  Tbe  first  lift  of  tlie  slope  is  to  tunnel  No.  1,  300  feet  below 
the  water-level  line ;  the  second  lift  is  tfl  tunnel  No.  2,  or  the  basin  of  the  seam  in  which 
the  slope  is  sunk,  which  is  about  300  feet  below  the  line  of  tunnel  No.  1.  The  third 
lift  is  from  the  basin  of  E  to  the  basin  of  B,  and  may  be  300  feet.  This  would  make 
the  length  of  the  slope  from  the  landing  in  front  of  the  engine-house  1200  feet  long  to 
the  basin  of  B;  but  the  water  would  only  be  lifted  900  feet,  or  to  the  line  of  the  water- 
level,  and  by  three  "lifts."  The  term  "lift"  is  given  to  denote  the  distance  which  the 
water  is  lifted  by  each  set  of  pumps  It  is  found  by  experience  that  30O  feet  perpen- 
dicular is  about  the  maximum  height  for  a  column  of  water  to  he  lifted  by  pumping 
machinery;  if  a  mine  be  500  feet  deep,  it  is  better  to  divide  the  column  in  two  lifts 
than  to  attempt  to  lift  it  in  one  column  The  word  lift,  therefore,  has  become  a  tech- 
nical phrase  to  denote,  uDt  only  the  distance  which  the  water  is  lifted,  but  also  the 
extent  of  "breast  found  most  available  in  our  present  mode  of  mining  anthracite  coal. 
It  will  be  noticed  that  all  the  coal  of  the  left  basin  can  be  obtained  by  means  of  this  one 
slope,  and  the  tunnels  which  are  driven  to  the  different  seams. 

The  right  basin,  however,  being  wider  and  more  shallow,  while  the  bottom  is  com- 
paratively horizontal,  can  be  mined  by  shaft  with  more  economy  and  availability  than 
by  any  other  means.  The  distance  from  the  surface  to  the  lower  big  vein,  or  B,  under 
such  circumstances,  would  be  about  GOO  feet,  and  that  to  the  Mammoth,  or  upper  big 
vein,  B,  350  feet.  In  all  shallow  basins,  where  the  coal  has  a  low  angle  of  dip,  and  the 
basins  are  consequently  wide,  shafting  is  the  most  available  mode  of  reai^hing  and 
mining  the  coal. 
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In  thia  bawn,  both  drift  and  tunnel  are  used  to  obtain  the  coal  ahove  -water-level. 
The  position  may  be  Huoh  that  drifts  cannot  enter  tie  seams  at  water-leyel,  and  a  tunnel 
is  then  resorted  to;  but  the  diatance  from  the  tunnel  c,  e,  to  the  outcrops  of  the  seams 
is  too  great  to  he  mined  eoonomicallj  by  one  set  of  breaats  or  chambers,  particularly 
whenlJieaDgle  of  dip  is  as  low  as  here  represented, — 30":  therefore  a  "counter-level,"  or 
drift,  d,  is  driven  into  the  seam  between  the  tunnel  and  the  outorop,  and  the  coal  brought 
down  to  the  level  of  the  tunnel  by  inclines.  The  position  of  the  ooal-breakers  and  out- 
side improvements  is  denoted  by  the  buildings  in  connection  witli  the  respective 
basina.  This  illustration,  if  properly  understood,  will  convey  a  better  impression  of  the 
modes  of  mining  generally  in  use  than  could  be  given  by  pages  of  description:  wc 
therefore  briefly  call  attention  to  the  tetters  in  the  engcaving,  and  leave  the  reader  to 
'■  find  out"  what  we  may  have  omitted.  A  glance  will  be  sufficient  for  the  practical 
to  comprehend  the  whole. 

MODES  OF  MINING  AND  VENTILATION  IN  USE  IN  THE  ANTHRACITE  REGIONS. 

It  has  been  often  said,  and  frequently  moat  obstinatoly  argued,  that  the  modes  of 
mining  adopted  in  the  anthracite  regions  of  Pennaylvania  were  the  necessary  results 
of  the  peculiarities  of  the  region,  and  that  the  improved  systems  of  the  English  miners 
cannot  be  profitably  introduced.  We  have  invented  a  style  peculiarly  our  own,  and  no 
attempts  have  been  made  to  improve  it ;  and  that  the  general  system  is  correct  we  have 
little  room  to  doubt;  but  that  it  cannot  be  improved,  we  think  a  serious  mistake,  and 
one  that  is  causing  a  loss  of  miliiona  of  tons  of  coal  per  annum  to  the  landed  proprie- 
tors, and  perhapa  as  many  millions  of  dollars  to  the  operators  or  miners.  The  English 
system,  which  is  generally  used  in  horizontal  seams,  will  not  do  for  direct  importation 
here ;  but  a  modification  (?)  of  the  two  systems  can  be  made  available,  and  effect  a  decided 
improvement  in  our  styles  of  mining  and  in  the  economy  of  coal  and  its  production. 

We  will  first  give  a  page-illustradon  of  the  various  plans  now  in  use  in  our  mines; 
and,  instead  of  giving  them  in  separate  engravings,  we  have  given  seven  plans  in  one 
illustration,  for  two  reasons.  First,  our  deep  baains  do  not  carry  one  invariable  dip : 
we  have  aeen  them  vary  from  5°  to  30°  in  the  same  seam:  consequently,  nearly  all  the 
plans  represented  are  frequently  required  in  one  mine;  and  we  give  them  also  to  show 
their  absurdity.  Second,  the  mode  adopted  brings  the  several  plans  before  the  eye,  and 
enables  us  to  present  them  comprehensively. 

We  will  first  explain  the  mode  or  genera!  style  here  adopted,  and  the  neeesaity  for 
the  changes  in  the  modes  of  mining, — commencing  at  the  shaft  a.  The  design  is  for  a 
large,  double  upcast  and  downcast  shaft,  with  double  hoisting-ways  iu  each  compart- 
ment, and  ventilated  by  furnaces,  as  shown  at  6,  or  by  fan,  if  desirable. 

We  assume  this  shaft  to  be  sunk  in  the  centre  or  deepest  part  of  a  basin,  but  that 
this  basin  is  much  narrower  at  one  end  than  the  other,  and,  consequently,  that  the  angles 
of  dip  are  proportionally  steeper:  this  would  necessitate  modifications  in  the  mode  of 
mining  the  coal.  At  dips  ranging  from  5°  to  30°  the  coal  would  not  "run"  in  "shutes," 
but  the  cars  must  be  taken  i«  the  "breast"  to  the  miner,  and  the  coal  taken  direct  from 
his  hand.  But  wheti  the  dip  is  over  10",  the  cars  cannot  be  taken  off  at  right  angles 
with  the  gangways  or  main  avenues;  they  must  have  an  oblique  course,  in  order  to  over- 
come  the  grade.  When  the  dip  of  the  seam  is  over  30°,  it  becomes  too  steep  to  take  the 
cars  into  the  breasts,  and  "shutes"  are  resorted  to.  These  are  passages,  or  "ways," 
driven  at  right  angles  with  the  gangways,  and  kept  open  in  the  middle  or  at  each  side 
of  the  breast  or  chamber;  into  these  the  miner  throws  his  coal,  which,  by  its  own  gravity, 
sJidea  down  to  the  bottom,  where  it  is  loaded  info  the  cars.  The  difficulties  with  this 
mode  are  twofold :  first,  when  under  30=  of  dip,  the  coal  will  not  run  freely  down  the 
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Figure  140  illustrates  clearly  the  form  of  the  chambers,  or  breasts  and  pillars,  mado 
use  of  in  all  our  pitching  seams ;  but  the  representation  conyeys  simplj  the  Idea  of  the 
form  of  breast  and  pillar  alternately.     The  air-courses,  shutes,  &e.  are  not  displayed. 

In  the  plan  or  plans  illustrated  on  page  416  we  have  introduced  what  may  be  called 
a  double  set  of  workings, — one  on  each  side  of  the  basin:  consequently,  two  gangways 
are  shown,  and  two  regular  return  air-courses,  with  one  inlet  air-course.  We  do  not 
adTOcate  this  plan,  nor  think  that  all  these  mainways  are  required.  A  single  gangway 
in  the  centre  of  the  basin  would  answer  for  a  large  business,  and  for  the  purpose  of  an 
inlet  air-course,  while  the  two  parallel  air-courses  would  be  all  tliat  is  desirable  for  the 
return  air,  provided  such  a  consummation  could  be  made  to  work  under  all  the  cireum- 
etancea ;  but  there  the  difficulty  lies.  A  single  gangway  might  answer  where  the  basin 
ia  flat  and  wide,  and  where  the  cars  can  be  taken  into  the  breasts;  but  in  plans  4  and  5 
two  gangways  are  absolutely  necessary.  While  the  pitch  may  be  steep  enough  for  the 
coal  to  "run"  on  each  side,  it  is  not  so  in  the  centre:  consequently,  the  gangways  must 
be  along  the  foot  of  each  dip,  instead  of  the  centre  of  the  synclinal.  The  only  change 
that  could  be  made  to  work  this  centre  basin  from  one  shaft  would  be  to  dispense  with 
the  middle  ivht  air-course,  and  with  one  gangway  to  the  left  of  the  shaft :  otherwise 
the  whole  complicated  system  is  required  to  ventilate  the  works  and  mine  the  coal  on  a. 
large  scale.  In  regard  to  the  plans  displayed,  it  is  not  necessary  that  all  the  modes 
presented  should  be  used,  since  Noa.  1  and  2,  and  6  and  7,  are  much  the  same,  and  simply 
ventilated  differently  and  mined  in  various  forma  to  illustrate  the  modes  in  use.  Like- 
wise Nos.  3  and  5  are  so  near  alike  in  practical  effect  that  either  could  be  used  in  ihe 
same  place  or  on  the  same  dip.  With  this  explanation,  we  may  go  on  to  describe  the 
modes  or  plans  as  given  in  the  preceding  engraving. 

PLAN  NO.  1. 
This  is  a  mode  generally  made  use  of  in  flat  scams,  or  where  the  dip  is  about  5°. 
The  chambers  are  turned  off  from  the  main  avenue  or  gangway  at  right  angles,  and 
the  railroads  for  the  mine-cars  take  up  one  or  both  sides  of  the  breast  or  chambers, 
while  the  air  is  carried  up  one  side  and  down  the  other.  This  plan  is  frequently  modi- 
fied by  cutting  "headings"  from  one  breast  to  the  other,  as  shown  in  No.  7,  and  carry- 
ing the  air  along  the  face  of  each,  as  shown  in  No.  2.  The  arrows  indicate  the  course 
of  the  air.     Thraplan  will  come  under  consideration  again  in  No.  7. 

PLAN   NO.  2. 
This  is  an  offset  tiiat  becomes  necessary  from  the  change  of  pitch,  wl 
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from  5°  to  10°  as  shown  by  the  figures  This  modo  might  he  continued  through  No.  3 
with  benefit,  we  think  but  aa  it  is  not  oonsi^jtent  with  the  plans  generally  adopted,  we 
have  given  thuse  whuh  arc  It  will  be  ntticed  bv  thoae  who  are  familiar  with  such 
matters  that  the  change  hom  No  1  to  No  6  beoomes  necessary  in  consequence  of  the 
change  of  dip  while  No  1  runs  off  at  right  angles  to  the  gangway,  No.  3  runs  off 
obliqut,lT  in  ordei  to  accoramodate  the  grailes  of  the  railroads  to  the  dips  of  the  seam. 
This  illique  cturse  leave?  an  anc,le  or  corner  which  No.  2  removes;  and,  as  it  is  not 
desirable  to  start  off  chambers  of  this  character  near  the  shaft,  a  larger  corner  is 
allotted  to  No  2  than  is  absolutely  ne(.e8saiy  ihe  air  from  No.  1  circulates  through 
No.  2. 

PLAN   NO.  3. 

The  general  mode  of  raining  coal  from  pit.  hing  seams  which  are  not  steep  enough  to 
"run"  the  coal  down  the  shutcs,  and  yet  too  steep  to  take  the  cars  in  any  direction  the 
miner  may  choose,  is  given  in  this  plan  The  course  of  the  chambers  or  breasts,  and. 
consequently,  of  the  ti'am-roads  following  them,  is  at  greater  or  less  angles  with  the 
gangway,  according  to  the  dip  of  the  eeam  It  the  dip  is  10°,  the  course  may  be  nearly 
at  right  angles,  but  if  30°,  the  course  must  oblique  slowly  from  the  gangway  and  run 
nearlj  parallel  with  it.  This  mode,  therefore  has  serious  objections,  since  no  order  or 
system  can  be  continued  unless  the  dip  of  the  seam  is  uniform,  and  then  no  perfect 
system  of  ventilalion  can  be  preserved  in  extensive  mining.  The  objections  are  so 
numerous  that  we  do  not  think  it  profitable  to  argue  them.  The  mode  of  ventilation 
commonly  adopted  is  by  "cross-heading"  at  intervals  from  one  breast  to  another,  or  by 
carrying  the  air  up  one  and  down  the  other, — ^both  being  alike  objectionable  and  dan- 
gerous in  a  fiery  mine,  from  the  fact  that  the  gas  is  carried  a  great  distance  with  its 
gathi  ring  impurities,  past  the  face  where  the  miners  arc  at  work,  and,  consequently, 
can  furnish  only  impure  dr  to  the  outside  breasts,  and  may  become  inflammable  enough 
to  ignite  from  the  miners'  lamps. 

PLAN  NO.  4. 
This  mode  differs  essentially  from  those  mentioned  in  the  foregoing  plans.  They 
(Nos.  1,  2,  and  3)  require  the  car  to  enter  the  chambers  and  follow  the  miner,  taking 
the  coal  from  his  hand  direct  to  tho  surface;  but  Nos.  1,  2,  and  3  can  be  used  to  advan- 
tage only  when  the  pitch  or  dip  of  the  scam  is  below  25°;  when  it  is  over  that,  "shutes" 
instead  of  railroads  are  made  use  of,  as  shown  in  plans  4  and  5.  In  plan  4  the  sliute 
is  carried  up  the  centre  of  tho  breast.  In  small  Foams  it  is  a  passage  or  way  about  0 
feet  wide  up  the  middle  of  the  breast,  secured  by  timber  on  each  side,  and  against  which 
the  refuse  of  the  mine  is  packed  on  the  outside.  An  avenue  or  incline  is  thus  formed 
directly  up  the  pitch  of  the  seam  and  at  right  angles  with  the  main  gangway.  IntJ. 
this  the  coal  is  thrown  by  the  miners  or  their  aasistante,  and  down  the  smooth  incline 
formed  by  the  bottom  slate  of  the  seam  the  ooal  slides  to  the  vicinity  of  the  gangway, 
where  it' is  loaded  into  the  cars.  This  plan  is  perhaps  improved  by  that  of  No.  5,  in 
which  the  shtites  are  carried  up  on  each  side  of  the  breast  and  against  the  sides  of  the 
pillars,  in  which  ease  there  are  two  shutes  to  each  breast,  but  only  the  same  quantity 
of  timber  required,  as  a  single  row  of  "props,"  parallel  with  each  pillar,  is  sufficient. 
In  either  case  the  air  is  generally  carried  up  one  breast  and  down  the  other,  or  along 
the  face  of  the  breasts,  going  up  the  inside  one  and  down  the  outside  one;  but  most  of 
the  antbracit«  collieries  worked  on  this  plan  are  small  red-ash  seams  above  water-level, 
and  the  air  in  such  cases  generally  escapes  through  an  "air-hole"  ascending  to  the 
surface  from  one  of  the  breasts.  In  large  collieries  below  water-lovel,  improvements 
are  required  which  will  be  illustrated  farther  on.     Many  of  our  collieries,  however,  are 
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Btill  worked  on  this  principle,  and  they  are,  consequently,  often  troubled  with  "bnd 
air,"  and  interrupted  by  falling  rock  or  "crushes"  in  the  abandoned  portions  of  the 
mine,  through  which  the  air  is  necessarily  carried. 

PLAN  NO.  5. 

This  mode  has  several  modifications,  and  may  be  considered  Uic  best  in  use  in  the 
onthracite  mines.  The  illustration  conveys  but  an  imperfect  impression  of  this  style, 
and  only  gives  one  illustration  of  it.  It  may  bo  noticed  that  the  air  passes  up  one 
shute  and  down  the  other  in  the  same  breast.  This  is  not  the  best  or  the  general  plan. 
It  is  more  frequently  carried  up  one  breast  and  down  the  other  by  "cross-heading"  the 
intervening  pillars.  But  perhaps  it  is  as  usually  carried  up  the  inside  breast  and  along 
the  "faces"  of  the  breasts  through  occasional  cross- headings,  and  down  the  outside 
breast.  The  second  plan  is  better  than  the  first;  but  between  the  second  and  the  third 
there  is  not  much  difference.  When  the  shutes  are  long,  foul  air  is  apt  to  gather  in 
them,  unless  a  current  is  kept  in  circulation  through  them;  and  in  this  respect  the 
second  mode  is  preferable  to  the  third;  but  both  are  defective,  from  the  fact  that  the 
entire  impurities  of  the  mine  are  swept  along  with  the  current  through  all  the  breasts, 
and  the  gathering  gases  and  foul  air  must  accumulate  and  become  obnoxious  in  tlic 
outside  breasts.  This  is  the  great  evil  in  all  our  modes  of  ventilation.  The  air  is 
carried  in  an  unbroken  current  through  the  entire  mine,  sometimes  traversing  many 
milee  of  tur-eourses,  and  carrying  the  foul  air  and  gaaes  from  one  breast  to  the  other, 
from  the  inside  miner  to  the  next  outside,  to  the  end.  It  not  only  makes  the  current 
weak,  but  it  can  furnish  only  impure  air  to  a  large  portion  of  the  mine. 

Wo  have  given  a  part  of  the  eieavated  portion  of  the  mine,  or  goaf  (gob),  in  plan  5, 
representing  portions  of  the  pillars  "lost;"  but  this  is  a  favorable  exposition.  We  have 
110  doubt  that  fi'om  one-third  to  one-half  the  coal  in  our  large  beds  is  "  lost"  by  this  plan 
of  mining  ■  and  we  cannot  see  how  it  can  bo  otherwise,  since  the  immense  pillars,  except 
th  npp  portion,  must  stand  until  the  entire  mine  is  worked  to  the  boundary  before 
th  y  n  be  "robbed,"  or  "worked  back;"  and  when  this  comes  1«  be  done,  the  immense 
w      ht    f  the  superincumbent  strata  brings  on  a  "  crush,"  which  ruins  most  of  the  coal 

dp  ts  the  remainder  from  being  obtained,  so  that  none  or  but  little  of  the  nnnio- 

d  massive  pillars- left  by  our  present  system  of  mining  can  be  obtained.     In 

both        p  cts,— in  ventilation,  aa  well  as  the  economy  of  coal, — the  mode  of  mining 

g  lly   n  use  in  the  antliracite  regions  is  not  only  seriously  defective,  but  waskfid, 

d    iger   m   and  ruinous. 

Ih  e  exceptions  to  this  sweeping  charge;  but  they  are  few  and  far  between,  and 

w    h  irely  met  with  a  well- ventilated   and  economically  mined   colliery  in   this 

CO  t  — much  to  our  surprise;  since  the  best  of  English  talent  is  employed  in  the 
a  th  te  regions,  and  we  cannot  accept  the  maxim  that  the  English  modes  do  not 
pply  to  ir  formations.  We  hope  to  prove  conolusiveiy  that  we  are  not  only  following 
the  most  wasteful,  imperfect,  and  costly  methods,  but  that  the  improved  and  long-tried 
English  plans  of  ventilation  and  mining  can  be  succe8»fullj  modified  and  applied  with 
much  economy  tfl  our  anthracite  mines ;  while  for  the  bituminous  regions  they  are  just 
the  plans  required. 

PLAN   NO.  6. 

This  is  a  modification  of  No.  2,  to  conff)rm  to  the  greater  angle  of  dip,  which  increases 
from  6°  to  30'.  It  is  the  same  in  principle  as  No.  3,  and  is  much  in  use  where  tlie 
angles  of  dip  are  within  the  degrees  specified.  This  and  the  preceding  modes — plans 
Nos.  4  and  5 — are  in  general  use  in  the  anthracite  regions,  but  are  both  open  to  the 
some  objections  in  regard  to  ventilation  and  the  waste  of  ooal ;  and  no  order  or  system 
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can  be  Buceessfullj  pursued  that  is  not  liable  to  sudden  derangement  from  Ijio  froquont 
chaoges  of  dip.  The  venUlatioa  in  plan  No.  fi  ia  auBceptible  of  a  change  from  the  mode 
given,  whioh  is  perhaps  the  beat  in  worlta  of  small  extent ;  but  when  more  estonsive 
tho  air  is  taken  down  one  chamber  and  up  the  other. 

The  cars  are  t«kon  into  the  breasts  or  ohambera  in  all  auch  eases',  they  follow  the 
miner  and  receive  the  coal  from  hia  hand,  taking  it  direct  to  the  snrfaoe.  Where  the 
dip  is  ooBsiderable,  the  railroad  (tram-waj)  is  carried  on  the  lower  side  of  the  breast 
or  chamber,  against,  and  parallel  with,  the  pillar.  If  carried  through  the  middle  of 
the  chamber,  when  the  dip  is  considerable  it  would  occasion  much  labor  in  handling 
the  coal  up  from  the  "dip  side,"  and  would  also  prevent  the  drainage  of  the  water 
from  the  lower  side  of  the  chamber;  but  when  the  rood  ia  carried  on  the  "dip  aide" 
it  forma  an  escape  for  the  water,  and  enables  the  miner  to  slide  his  coal  down  the 
incline  of  the  seam  from  the  upper  portions  of  the  chamber  to  the  vicinity  of  the  car, 
and  thus  saves  handling.  These  breast-s  or  chambers  are  carried  from  16  to  30  feet 
wide,  according  to  the  nature  of  the  top  and  the  size  and  character  of  the  seam. 

PLAN  NO.  7. 

This  is  a  aimplo  modification  of  No.  1:  they  are  both  worked  on  the  same  principle. 
In  this  case  the  roads  are  carried  through  the  middle  of  the  chambers  instead  of 
the  sides,  and  the  air  passed  up  one  breast  and  down  the  Other ;  though  it  is  perhaps  as 
frequently  carried  along  the_/ac«s,  by  going  up  the  inside  breast  and  down  the  outside 

These  chambers,  like  those  of  No.  1,  are  taken  off  et  right  angles  from  the  gangway 
or  main  avenue,  and  can  be  succesafullj  used  only  when  the  dip  is  about  5°  or  less, 
— whioh  is  not  of  frequent  uccurrenoe  in  the  anthracite  regions,  except  in  the  Scranton 
district  of  the  Northern  coal-field. 

Plans  Nos.  1,  2,  and  3  are  much  the  same,  and  in  use  where  tho  dip  of  the  seams  is 
at  a  low  angle.  The  modifications  of  these  plans  in  the  style  of  ventilation  are  as 
represented.  The  air  is  passed  from  face  to  fai'e  through  tho  pillars  and  up  one 
breast  and  down  the  other,  or  up  the  inside  breast  and  down  the  outnide  one, —but 
always  carried  in  au  unbroken  current  through  tho  entire  mine,  or  that  portion  of  it 
lying  on  one  side  or  other  of  the  shaft  or  slope. 

Plans  Nos.  3  and  6  are  similar  to  each  other,  and  differ  only  in  the  mode  of  leaving 
the  main  avenue.  These  plana  are  used  generally  when  the  dip  of  the  seams  is  ver 
5"  or  under  25°.  They  are  the  most  defective  modes  in  operation  and  are  more  i  able 
to  interruption  and  confusion  than  the  other  plana  given  while  the  d  ffiLultics  f 
ventilation  and  the  waste  of  coat  are  equally  defective  ;  but  in  regard  to  the  c  st  tf 
mining  and  sending  coal  to  the  surface,  this  mode  is  perhaps  as  eoonomiial  as  any 
other,  and  much  more  so  than  the  hrmst  and  shute  method  unless  the  ptch  is  great 
enough  to  admit  of  the  coal  running  into  the  cars  without  rehandling  Nos  1  2  an] 
7  are  similar  in  this  respect  to  Nos.  3  and  6 ;  the  former  are  the  most  simple  and  le^s 
liable  to  derangement,  but  can  be  adopted  only  in  horizontal  beds  or  where  the  1  j  ii 
less  than  5°,  Plans  Nos.  4  and  5  are  likewise  similar  to  each  other,  and  aie  iiraple 
modifications  of  the  same  general  plan. 

It  thus  results  that  there  are  two  general  systems  in  use  in  the  anthracite  regions,— 
one  practised  in  all  seams  where  the  dip  ia  leaa  than  25°  or  30",  and  the  other  where  the 
dips  are  above  30°. 

Ia  the  first,  the  cars  are  taken  into  the  breasts  or  chambers,  and  follow  the  miners  to 
receive  the  coal  direct  from  their  hands ;  in  the  second,  "  sbutea"  are  used,  down  which 
the  coal  slides  on  the  inclining  bottom  elate  of  the  seams,  or  on  sheet  iron  or  pknk  laid 
for  tlie  purpose,  when  the  dip  is  not  steep  enough  for  the  coal  to  slide  readily  on  the 
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tottom  slate.  Those  shutea  either  lead  direct  into  the  cars,  which  stand  on  the  main 
railroad  in  the  gangway,  or  the  coal  is  rehandled  and  thrown  bj  hand  into  the  ears. 
When  the  aeam  is  large  and  the  pitch  steep  enough  to  carry  the  coal  down  by  gravity, 
the  first  method  is  used ;  but  when  the  seam  is  small  and  the  angle  of  dip  low,  the 
second  and  more  expensive  method  is  ased. 

The  system  of  veDlilation  is  much  the  same  in  general  principle,  whateTer  plan  of 
mining  be  used, — subject,  however,  to  the  modifications  specified.  The  general  and 
govoraing  principle  of  the  system,  and  its  most  objectionable  feature,  is  the  circulation 
of  the  air  in  a  continuous  column  or  channel  throughout  the  mine,  sweeping  the  impuri- 
ties of  the  works  before  it,  and  carrying  the  foul  air  and  accumulating  gases  from 
miner  to  miner  and  from  breast  to  breast,  until  they  become-obnosious  and  dangerous. 

In  an  extensive  mine  conducted  on  this  principle,  there  can  be  no  perfect  ventilation. 
It  is  true  that  a  strong  current  of  air  can  be  moved  through  the  mine  when  the  air- 
courses  are  systematically  arranged  and  kept  in  order  by  mechanical  means;  and  the 
inflammable  gases  maybe  diluted  beyond  the  explosive  point ;  but  tte  powder-smoke 
from  frequent  blasting,  the  smoke  and  carbonie  oxide  from  hundreds  of  lamps,  the 
exhalations  of  the  workmen,  and  the  accumulating  foulness  resulting  from  these  and 
other  causes,  must  pass  from  maa  to  man,  and  render  more  and  more  deleterious  the 
impure  air  they  breathe. 

But,  while  this  secibus  difficulty  exists  in  the  best-ventilated  collieries  under  our 
present  system,  those  which  are  not  well  ventilated — and  they  are  by  far  the  most 
numerous — suffer  from  still  more  serious  and  additional  difficulties  from  the  lack  of 
such  air,  bad  as  it  is,  and  from  the  constant  presence  of  explosive  gases.  Thousands  of 
our  miners  are  obliged  to  work  in  an  atmosphere  as  explosive  as  powder,  and  whfch  the 
least  forgetfulnesB  or  accident  might  ignite  with  sudden  destruction  to  life  and  ruin  to 
property.  These  difficulties  and  dangers  will  always  exist  as  long  as  we  persist  in  fol- 
lowing an  obsolete  and  wasteful  system. 

We  will  introduce  the  most  improved  method  that  has  been,  or  which  can  be,  adopted 
on  this  principle,  before  we  discuss  the  improvements  required  by  the  present  wants 
of  the  anthracite  miners. 

"  BUN,"  WITH  FAN  VENTILATION. 

In  the  plan  presented  on  nest  page,  we  have  given  that  which  is  known  as  the  "  run," 
but  do  not  confine  our  description  of  tjie  plan  to  this  mode,  since  it  is  susceptible  of 
much  modification.  The  "run"  can  be  used  to  advantage  only  when  the  seama  are 
comparatively  large,  the  (fip  40°  or  over,  and  the  top  slate  or  rock  firm  and  solid:  when 
all  these  favorable  conditions  exist,  it  is  the  cheapest  mode  known  of  mining  coal. 

There  are  two  or  three  methods  in  use.  The  one  represented  has  "travelling-ways"  or 
air-courses  up  each  side  of  the  breast,  which  is  30  feet  wide.  These  are  kept  open  for 
the  passage  of  the  miners  and  the  passage  of  the  air.  They  are  secured  by  leaning 
timbers  against  the  pillars,  or  by  propping  up  the  top  coals  and  making  a  passage  in  the 
bottom  portion  of  the  seam. 

The  coal  is  blasted  with  powder  from  the  face  of  the  breast, — often  in  immense 
masses  when  the  seam  is  largo,  as  in  the  case  of  the  Mammoth, — and  falls  into  the 
body  of  the  breast  below,  where  it  is  broken  into  convenient  siaes,  and  is  then  ready 
for  the  "loaders,"  who  draw  it  as  required  into  the  ears,  which  stand  on  the  railroad  in 
the  main  gangway. 

The  cual  when  broken  occupies  double  the  space  it  does  in  the  solid;  therefore,  as  the 
miner  progresses  with  his  work,  over  one-half  the  coal  must  be  drawn  from  the  breast 
in  order  to  give  him  room  to  work ;  the  remainder  is  left  in  the  breast,  to  fill  up  the 
yawning  gulf  which  otherwise  would  exist  below  him. 
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This  method,  knowD  aa  the  "run,"  ia  the  cheapest  and  simplest  known;  hut.  asi 
hotbro  Baid,  it  can  be  used  ouij  under  certain  conditions.  If  the  dip  is  not  Bleep 
enough,  it  will  not  ran;  or  if  llie  roof — top  slate — is  rotten  and  wank,  it  will  fall  among 
the  coal  and  ruin  ita  niarkefabte  qualities.  Under  such  ciritu instances,  the  mode  of 
mining  adopted  is  similar  to  that  deaerihed  in  plan  5,  of  ivhiuh,  in  fact,  this  ie  nearl;  a 
I'Opy.  The  coal  is  then  thrown  into  tlie  shutes,  which,  when  not  used  for  the  purpose 
of  sliding  down  the  coal,  are  called  travel ling-w a js.  The  space  between  the  shufes, 
which  ie  filled  with  coal  when  worked  as  riioa,  is  in  this  plan  open  and  dangerous. 


nj"  partially  filled  with  inasle  coal,  falling  slates,  and  haiwarks,  or  "  batteries"  of  timber. 
Yn  both  modes  the  air-oouraes  or  passage-ways  are  often  parried  through  the  middle  of 
the  pillars,  and  headings  driven  occasion  ally,  as  reqnired,  from  one  breast  to  the  other. 

In  the  plan  presented,  the  air  circulates  up  one  side  of  the  breast  and  down  the 
other.  It  would  perhaps  be  equally  available  to  take  it  up  one  breast  and  down  the 
other,  or  to  carry  it  along  the  faces  from  one  to  the  other.  In  this  last  mode,  the  air 
ascends  the  inside  breast,  passes  throagh  "headings"  in  th^  pillars  to  tlie  succeeding 
outside  breasts,  and  descends  the  last  outside  one  to  the  return  air-eourse/ 

The  inlet  air-course  «,  below  the  gangway  d,  may  he  dis);)ensed  with,  and  the  air 
taken  through  tlie  gangway  <i  to  a  point  near  its  face,  and  then  passed  up  the  inside 
shute,  as  shown  in  the  engraving,  to  the  inside  breast  i.  It  may  then  circulate  up  and 
down  the  breasts  alternately,  or  traverse  the  face  of  each  breast,  and  descend  the  out- 
side one  to  the  return  air-course/.  This  is  ventilated  by  a  fan,  c,  near  the  top  of  the 
upcast  slope  c,  and  maybe  supplied  with  more  air  than  is  required  for  vGiitilation: 
therefore  there  is  a  surplus,  and  the  shutes  may  be  ventilated  by  "escapes"  when  de- 
sired, provided  the  mode  of  "  sweeping"  the  face  of  the  works  is  adopted.  This  plan  is 
perhaps  the  best  in  use,  since  the  distance  to  bo  traversed  is  less  than  in  other  cases; 
but  it  is  still  liable  to  some  of  the  serious  objections  advanced  against  nearly  similar 
modes  in  considering  the  plans  presented  on  page  416,  while  the  objections  to  the  waste 
of  coal  in  pillars  remain  unchanged. 

Having  thus  briefly  described  the  modes  of  mining  and  ventilation  generally  in  use 
in  the  anthracite  coaI-6elds,  and  to  a  great  extent,  also,  in  most  of  our  bituminous  fields, 
we  DOW  venture  to  present  a  modification  of  the  English  systems,  as  adaptable  to  the 
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peculiar  anthracite  formations;  and  if  we  Buocced  in  presenting  them  clearlj  and  oi 
prehensivelj,  wc  havo  no  doubt  uf  a  favorable  result,  since  the  improvement  raual 
apparent  to  the  mind  of  every  practical  miner. 


BOUNDARY   SYSTEM   OF   MINING   AND  VENTILATION. 

All  will  admit  that  the  best  mode  of  mining  coal,  and  the  mOEt  economical  eventually, 
ie  to  extend  the  workings,  main  avenues,  and  air-couraes,  to  the  extent  of  the  "run," 
or  boundary  of  the  mine,  and  then  work  out  all  the  coal  in  returning,  by  the  "long 
wall,"  "breast  and  pillar,"  or  "chamber  and  car"  modes  of  mining. 

The  expense  and  time  necessary  to  carry  into  effect  this  mode  are  its  great  and 
eerious  objections,  and,  in  this  country,  may  be  considered  effectual  bars  against  ita 
adoption.  It  is  in  use  in  some  of  the  English  collieries,  in  Lancashire ;  but  in  the 
great  Newcastle  coal-field — the  oldest  and  best-developed  in  Great  Britain — it  is  but 
rarely,  if  ever,  in  uao,  partly  owing  to  the  same  objections 
system  there  generally  in  use  presents  all  the  benefits  of 
adopted  near  Manchester  and  elsewhere,  and  none  of  its  o' 
of  this  system  to  suit  the  peculiarities  of  our  formaiiims  in 
now  present.  But  we  would  here  remarii  that  the  two  plar 
character  of  dip,  and  may  be  adopted  in  boriioatal  as  well  as  pitching  si 
"workings"  of  any  mine  can  be  changed  to  this  plan  with  benefit  to  ventilation  a 
economy  in  mining. 

The  plan  presented  in  figure  142  is  designed  for  pitching  seams, — say  over  30°, — 1 


hut  mainly  because  the 
the  boundary  system,  aa 
~  a  modification 
the  anthracite  regions  we 

presented  embrace  every 
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may  be  used  for  all  seams  which  are  8tei.p  on  ugh  for  the  coal  to  run  down  the  incline 
of  the  bottom  slates  without  rehan  lling  All  seams  which  do  not  admit  of  this  should 
he  worked  by  the  plan  represented  in  figure  144.  This  plan  is  equally  applicable  to 
shafts  slope,  tunnel,  or  drift,  above  n  bel  w  water-leveh  in  fact,  those  considerations  do 
not  affect  in  any  degree  the  mode  proposed.  We  here  present  the  slope  method,  as  that 
is  generally  more  applicable  to  steep-dipping  seams  than  to  those  of  low  angles. 

The  plan  represents  the  second  "  lift,"  showing  the  upper  lift "  worked  out."  In  this 
design  we  present  only  enough  of  the  mine — say  1000  yards  on  one  side  of  the  slope — 
to  convey  an  impression  of  the  plan  proposed. 
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The  slope  and  downcast  air-course  are  represented  hy  e,  and  the  upcaat  air-course  and 
pump-way  by  d.  The  gangway  and  inlet  air-course  is  a,  and  the  return  air-course  is  b. 
The  hreasts  are  marked  e,  and  the  courses  of  the  air  denoted  by  arrows.  The  hreasta 
communicate  with  the  gang  ■jy  tj  means  of  hutes  mh'  h  may  be  on©  or  two  to  eaoli 
breast.  To  this  point  the  e  s  n  hanf,B  1  m  the  ord  nary  methods  now  in  use,  which 
are  as  simple  and  effect  vo  as  can  b  des  red  But  n  order  to  perfect  the  ventilation 
and  secure  the  pillars  from  wast  we  i  a  e  la  d  out  the  m  ne  in  boubbaries,  which  may 
be  in  small  or  large  proport  ona  as  tl  e  extent  of  the  m  ne  or  character  of  the  seam 
may  suggest.  We  propose  to  make  ea  1  1  u  1  ry  (X)  yards  in  length,  by  the  full 
breadth  of  the  i;fl,~Bay  fr  m  "00  to  00  feet  r  m  re  f  found  convenient.  The 
boundary  pillars  must  I  e  larger  than  ord  nar  and  of  sufljoient  strength  to  resist  any 
pressure  that  might  result  fr  m  the  es  a  at  on  of  the  c  al  within  the  entire  area,  or 
50,000  square  yards  of  the  loundiry 

Nos.  1  and  2  represent  two  worked  o  t  ho  ndanes  on  the  u(  j  e  level ;  No.  3,  one  of 
.  the  boundaries  of  the  lower  le  el  The  pr  n  pal  object  n  lij  n^,  out  the  mine  into 
boundaries  is  twofold;  first  to  set  re  al!  the  oat  that  s  po  1  le  under  any  circum- 
stance or  by  whatever  method  may  be  ad  pted  and  to  o>ta  n  t  w  thout  injury  to  the 
permanent  working  of  tl  e  m  ne  and  w  tl  ut  wa  i  ng  for  the  usual  "robbing"  of  the 
pillars.  Second,  to  div  ie  the  a  r  nto  se;.  irate  lumns  and  eour  e  it  through  each 
boundary  and  into  the  return  air-course  w  tl  ut  a  y  nj,  t  thr.Uj,h  other  portions  of 
the  mine.  These  two  great  obje  ts  are  a  e  mpl  si  ed  by  this  simple  method  without 
increasing  the  cost  of  or  g  nal  nvestment  or  the  length  of  t  me  required  in  opening  ont 
a  colliery. 

It  will  he  observed  that  No,  4  may  be  under  way  at  the  same  time  with  No.  3;  or 

No.  3  may  bo  exhausted  without  leaving  a  pillar,  and  yet  no  injury  result  to  No.  4.     In 

fact,  the  extraction  of  coal  from  a  boundary  of  such  considerable  extent  relieves  the 

weight  or  pressure  from  the  surrounding  coal  by  bringing  down  the  superinonmbent 

strata  over  its  immediate  area,  and  thus  letting  down  a  certain  amount  of  pressure,  which 

would  otherwise  bear  on  the  whole  of  the  m[ne.     In  principle  and  effect  it  is  the  same 

as  that  followed  and  recommended  by  the  beat  mining  en^neers;  that  is,  the  opening 

of  the  mine  to  its  limits  or  main  boundaries  and  extracting  the  coal  in  withdrawing  or 

"working  back."     The  only  difference  is  that  we  lay  out  an  extensive  mine  in  sovoral 

boundaries  instead  of  one  boundary,  and  effect  the  same  ends  with  less  time  and  expense. 

In  a  distance  of  one  mile, — which  is  an  ordinary  run  on  each  side  of  the  slope  in  our 

large  collieries, — four  boundaries  may  be  laid  off,  and  the  first  entirely  worked  out 

before  the  last  is  started,  including  the  pillars  of  the  upper  level,  which  can  be  of  no 

value  whatever  after  the   excavation  of  the  coal 

Flo   143  below  them,  except  for  the  purpose  of  keeping  up 

the  water,  which  may  be  effectuailj  done,  at  small 

expense,  by  the  mode  represented  in  figure  143. 

This  is  an  adit  or  drain  cut  partially  in  the  bottom 
slate  in  the  gangway  of  the  upper  level,  and  securely 
timbered  or  arched  before  the  withdrawal  of  the 
Tipper-level  pillars.  This  drain,  being  small — about 
3X4  feet — and  made  secure  with  the  refuse 
timber  of  the  upper-level  gangway,  will  resist  all 
pressure  that  will  be  brought  upon  it  on  the  extrac- 
tion of  the  pillars,  since  the  weight  will  be  evenly  distributed  on  the  falling  of  the 
roof  and  the  entire  subsidence  of  the  boundary.  But,  oven  if  this  plan  was  not  adopted, 
it  would  be  economy  to  pump  the  water  of  the  upper  level  from  the  lower  one,  rather 
than  leave  so  much  available  and  valuable  coal  to  waste. 
The  plan  of  ventilation  suggested  in  the  plan  here  proposed  is  simple  and  effective. 
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Each  boundary  is  complete  io  itself,  and  supplied  with  a  column  &f  pure  air  fjvm  the 
main  gangway  ur  inlet  air-course;  these  currents  sweep  the  face  of  each  Ireast, 
pa'sing  in  the  nearest  and  most  direct  way  to  the  return  air-course,  and  thus  reaching 
the  upcast  shaft,  or  slope,  without  mising  their  impurities  with  any  other  portion  of 
the  mine.  The  numljor  of  houndaries  at  worlt  at  the  same  time  would  not  affect  this 
arrangement;  each  one  receives  its  column  uf  fresh  air,  and  empties  its  impurities 
iato  the  return  air-course,  which  does  not  pass  into  any  part  of  the  working  portions 
of  the  mine. 

In  this  respect,  the  plan  may  be  illuatrnted  by  the  drainage  of  a  city.  Each  street 
and  houie  has  its  respective  channeb  coniinunitating  with  the  main  ones,  and  the 
sewerage  from  each  house  passes  away  without  injury  to  its  neighbor.  But  in  the 
systems  of  ventilation  hitherto  in  use  in  our  anthracite  mines,  the  impurities  of  une 
chamber  pass  into  the  neit  throughout  the  entire  mine;  and  no  matter  how  thorough 
the  ventilation  may  be,  it  is  more  or  less  defective  in  this  respect. 

But  the  benefits  resulting  from  the  plan  here  proposed  are  numerous,  and  none  is  of 
less  importance  than  the  one  mentioned. 

First. — The  mode  of  dividing  or  splitting  the  air  relieves  the  tension  of  the  column, 
and  the  power  required  to  propel  it.  Instead  of  dragging  the  entire  column  through  all 
the  intricacies  of  the  mine,  a  portion  of  the  weight  and  friction  is  relieved  at  each 
boundary.  We  think  this  so  manifest  that  further  proof  will  not  be  needed.  It  is 
found  to  work  so  well  in  the  English  mines  that  "  splitting  the  ^r"  is  now  a  permanent 
part  of  their  system. 

Second. — The  danger  from  gases  and  the  resulting  explosions  is  rendered  far  loss 
imminent,  and  accidents  are  confined  to  their  own  locality ;  the  operations  of  the  mine 
are  not  materially  affected,  nor  the  lives  of  all  the  workmen  endangered,  as  by  the  old 
eystem,  with  the  "after-damp." 

Third. — The  air  traverses  comparatively  short  distances,  "sweeping"  eaeh  face  with 
its  fresh  currents,  and  depositing  its  impurities  in  the  common  return  air-oouxse,  without 
carrying  its  obnoxious  vapors  into  other  working  portions  of  the  mine. 

The  reaiiaation  of  these  desirable  improvements  in  our  ventilation  would  not  only 
secure  the  results  specified,  but  the  benefits  to  follow  are  of  more  consequence,  in  the 
security  to  life  and  health  and  the  saving  to  capital  and  pri^erty. 

But  the  improvements  are  not  confined  to  the  ventilation :  the  mode  and  plans  pro- 
posed insure  economy  in  the  mining  of  coal,  not  only  in  the  cost  of  digging  it,  but  in 
the  great  items  of  dead  loss  by  waste  in  pillars,  &c. 

First. — It  enables  the  miner  to  develop  his  mine  by  the  earliest  and  best  method 
known,  and,  consequently,  to  realize  profit  from  investments  in  the  shortest  time  possible 
consistent  with  permanence  and  order. 

Second. — It  secures  labor  at  less  cost,  and  an  increase  of  work  from  a  given  number 
of  hands,  from  the  fact  that  pure  air  is  supplied  in  abundance,  ond  that  there  is  less 
danger  to  life  from  explosion  and  foul  air. 

Third.— The  amount  of  coal  obtained  from  a  given  area  is  increased  by  nearly  one- 
tiird,  without  additional  expenses  in  "dead  work,"  or  original  expenditure,  or  the  ordi- 
nary expenses  of  the  drainage  and  superintendence  of  a  colliery;  thus  benefiting  the 
landed  proprietors  largely,  and  the  operators  or  miners  perhaps  not  less. 

We  think  the  preceding  explanation,  with  the  aid  of  the  engraving  or  plan,  will 
enable  most  of  our  practical  readers  to  comprehend  the  plans  proposed,  and  the  im- 
provements therein  presented.  It  will  be  very  difficult  for  the  inexperienced  to  follow 
us  intelligently,  since  no  subject  is  more  abstruse  and  intricate  than  that  of  mine-venti- 
lation and  economic  mining.  We  have  met  people  who  had  not  the  first  idea  of  scientific 
mining,  who  assumed  it  to  be  a  simple  matter,  and,  as  recently  staled  in  a  prominent 
"guide-book,"  "only  digging  a  hole  iu  tho  ground;"  but  those  who  know  most  about  it. 
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B  and  explosive  gaaes,  know  it  t<: 
le  of  the  least  underetood. 


BOUNDARY  SYSTEM  IN  PLAT  SEAMS. 

In  this  plan  we  present  the  boundary  syBtein  aa  applied  to  flat  seams  and  thofo 
under  80°  of  dip,  or  up  to  the  point  at  which  coal  will  slide  by  gravity  down  the  incline 
of  the  bottom  slate. 

Ab  tbe  former  is  designed  for  pitching  Beams  where  the  coal  is  run  in  shutes  into  tlie 
cars  in  the  gangway,  this  is  designed  for  seams  where  the  cars  must  follow  the  miner, 
or  where  the  seams  of  eoal  oro  not  steep  enough  to  admit  of  the  use  of  shutes. 

The  plan  here  presented  displays  the  shaft  instead  of  the  slope  mode,  since  most 

FiQ.  144. 


horizontal  seanis  exist  in  comparatively  shallow  baaing,  and  can  be  I'eached  by  shaft 
with  economy,  and  drained  and  worked  with  more  availability  by  the  latter  than  tiie 
former  mode.  The  main  gangway,  or  inlet  air-course,  leading  from  the  dawncast  shaft, 
ia  a,  and  the  return  air-course  is  b;  c  is  the  branch  gangway,  at  right  angles  with  the 
main  one,  and  between  the  boundaries,  or  in  the  boundary  or  "barrier"  pillar.  From 
c  the  chambers  d,  d,  are  turned  at  right  angles  to  the  branch  gangway,  and  parallel  with 
the  main  gangway. 

The  chambers  are  worked  onward  to  meet  those  advancing  from  the  opposite  side  r.f 
the  boundary,  and,  when  together,  the  "withdrawing"  process  is  commentied,  and  all  the 
available  coal  estraotwi,  leaving  the  boundary  "worked  out,"  and  the  su  perineum  bent 
strata  on  the  floor  of  the  seam. 

We  have  only  given  a  view  of  the  first  ends  of  two  boundaries, — the  first  likely  to  be 
opened  in  a  mine  after  sinking  the  shaft.  It  will  be  noticed  that  a  mine  can  be  opened 
and  put  in  active  and  productive  condition  by  this  method  sooner  than  by  any  other; 
and  that  a  large  force  of  miners  can  bo  put  at  work  in  a  shorter  time  than  by  any  of 
the  old  methods. 

When  the  seams  are  horizontal,  the  oars  can  be  moved  io  all  parts  of  the  mine  by 
horses ;  but  when  the  dip  is  over  10°,  gravity  inclines  must  be  used  in  the  branch  gang- 
ways, with  a  drum  and  endless  chain,  or  some  other  mechanical  arrangement  to  take 
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the  ears  up  the  inolire.  There  aro  aeyoral  plans  in  use  for  this  purpose,  all  of  which 
are  applicable,  and  work  rapidly  and  effectively. 

By  this  mode,  a  seam  of  almost  any  dip  can  bo  mined  under  40°,  and  cyen  above  that, 
if  desirable;  but  wheji  the  dip  is  steep  enough  the  former  mode  ia  the  most  effective. 
When  the  seam  is  nearly  flat,  it  may  be  beat  to  carry  the  railroad  in  the  middle  of  tlie 
cliamber ;  but  when  the  dip  is  considerable,  it  is  best  on  the  dip  side,  against  the  pillar, 
and  parallel  with  it,  on  account  of  the  drainage  of  water  and  the  handling  of  the  coal. 
The  inequalities  of  the  dip  do  not  affect  this  mode  of  mining,  and  confusion  and  dis- 
order are  almost  imposstbte. 

The  seam  may  change  from  the  horizontal  to  an  inclination  of  30°  in  a  short  distance, 
without  mjtflrially  affecting  the  order  and  plans  of  the  respective  boundary  workings, 
since  each  is  distinct  and  separate  from  tho  other.  The  boundaries  may  bo  small  or 
large,  as  existing  ciroumstaoces  may  dictate ;  but  we  would  recommend  500  yards  as 
about  the  proper  length,  parallel  with  the  main  gangway.  The  breadth  may  be  equal 
or  greater  than  the  length  along  the  main  avenue,  but  it  should  not  be  much,  if  any, 
over  a  square.  If  the  estflnt  of  the  property  in  the  same  basin  is  extremely  wide,  then 
the  pillars  between  the  boundaries  should  be  large  and  strong,  and  several  lioundaiies 
laid  out  along  the  bran  h  an  way  a  d  of  course  the  barrier  pillars  Ipft  until  the  most 
distant  side  boundary  esh  u  t  d  and  the  withdrawal  commenced  at  the  'far  end  ' 
This  would  not  often  happ  n  n  th  anthracite  region,  fut  m  the  bituminous  where 
the  seams  are  nearly  h  tal     t  m  ght  be  frequent  and  difficult  to  determine   in 

which  direction  the  m  n  a  nu  1  uld  with  most  profuety  be  carried  But  in  any 
case  of  the  kind  the  m  d  p  p  i  the  only  one  aiailable  under  all  LiiL,umstan<  ea, 
and  which  may  be  earned  to  any  extent  without  difficulty  or  derangement.  The  coal 
may  he  estraoted  entirely,  or  with  but  little  Jose,  in  large  boundaries,  and  the  super- 
incumbent strata  let  gently  down  without  danger  l«  the  remainder  of  the  mine. 

The  ventilation  by  this  mode  is  simple,  and  each  end  of  every  boundary  is  coursed 
by  a  separate  and  distinct  current  of  fresh  air  which  sweeps  the  faces  of  the  breasts 
and  takes  the  nearest  and  most  direct  vray  t)  the  return  air  course.  The  obnoxious 
gases  are  not  carried  into  other  y  DitiDna  of  the  mine  If  esploflive  gases  occur,  they 
are  swept  away  at  once  and  burred  ff  before  they  can  bectme  dangerous;  nor  are 
they  carried,  as  in  the  old  system  from  lamp  to  lamp  and  breast  to  breast  through  the 
entire  mine  before  they  hnd  an  esit,  but  enter  the  return  aii-ouurse  from  each  set  of 
breasts.     This  not  only  insures  lifo,  but  health  and  general  safety 

Two  shafts  are  better  than  one  to  secure  perfect  lentilation  in  deep  mines ;  but  if  one 
is  carefully  divided,  so  as  to  prevent  the  air  fiom  passing  thnugh  the  casing,  a  large 
single  shaft  will  answer  the  purpose.  The  engraving  with  which  we  illustrate  this 
mode  of  mining  and  ventilation  displays  a  large  dividtd  shaft  The  air  passes  down 
the  dip  side  and  enters  the  main  gangway  a  along  which  it  passes  to  the  branch  or 
"  barrier"  gangway  c,  which  part  of  the  air  enters  this  being  the  first  split.  The  cur- 
rent continues  up  the  branch  gangway  to  the  upper  breast  Here  it  again  splits,  and 
turns  into  the  right  and  left  hand  boundaries  as  indicated  by  the  arrows.  It  bweeps 
down  the  face  of  the  breasts  or  chambers  in  each  boundary  and  enters  tho  return  air- 
course  below  the  lower  breast. 

The  mine  may  be  divided  into  any  number  of  houndanen  desired,  either  small  or 
large,  to  suit  the  character  of  the  dips  and  undulations  of  the  seam  and  this  principle 
of  ventilation  and  mining  be  retained. 

The  only  objection  that  could  possibly  be  made  (o  this  system  is  the  use  of  inclined 
planes;  but  when  we  consider  that  inclines  are  not  required  except  in  a  pitching  seam, 
and  that  such  a  seam  cannot  be  worked  without  inclines,  we  cannot  see  how  tliat  objee- 
taon  will  hold.  In  the  old  modes,  every  breast  becomes  an  incline  in  pitching  seams, 
and  when  the  oars  are  taken  after  the  miner  this  difficulty  esists.     The  cars  may  be 
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drawn  by  liorsos ;  but  it  is  both  dangerous  and  difficult  to  convey  the  O! 
iDclinea  from  each  breast.  A  single  incline  between  each  boundary  a 
better  purpose,  aad  can  be  operated  with  much  more  rapidity  and  safety. 

We  hope  these  improved  systems  have  been  praotieally  presented,  and  thnt  the  pbina 
will  be  clearly  comprehended,  since  they  require  only  to  be  understood  properly  to  be 
appreciated. 
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CHAPTER    XXIII. 

SCIENTIFIC  AND  PRACTICAI.  MINING. 

.lied  to  the  Aid  of  Iho  Minep-Tho  Gngineec  of  Mines— What  in  to  be  accomplishod-^nie  Peterabm^ 
Jamming  tboRapidB  of  Bed  nivsr—Pmotical  Mining— ■Tillar  and  atall"—"  Hoard  and  Wall"— "  Long- 
DsedatBloBsborg— long-Wall  Adtandng—LoBB-WaUWilhdrawlng  or  Working  Back— Comparison  with 

nm-JelB— Mine  Qases  and  Vopore—Ligiil  Carbnretted  Hjdrogcn- Heavj  Carburstlod  Hydrogen- Napli- 
troleum— Mine  Gaa  asa  VenUlatof— Tapor  in  Mines—The  Safety-Lamp— BtephenBon-DaTj— Dr.  aanney 
ig  Coal*— llnder-Miniog— Blasting— Anthcadle  MIdcb— Bituminoua  Mines— Coal-cutting  Machinery. 

c  mining  and  practical  mining  may  be  8«d  to  be  almost  synonymoua  terms. 
Bat  the  application  of  Bcienee  and  the  higher  intelligences  to  the  practical  and  esperi- 
mentai  part  of  mining  haa  enabled  the  miner  to  penetrate  two  thousand  feet  into  the 
bowels  of  the  earth  and  lig  uj  the  mineral  wealth  hidden  by  Nature  in  those  deep 
rocea  ea  There  were  many  d  f6  It  es  to  contend  w  th  wl  eh  he  s  n  pie  m  ner  uld 
not  over  ome  w  th  h  strength  or  I  a  exper  ence  and  wh  h  defied  h  a  u  moat  exec 
tion^  unt  I  Watta  bro  Jit  h  s  e  m-cno'  ne  tt  i  e  U  e  oal  n  1  pump  the  water  f  n 
the  accum  Kt  ng  d  ptha  B  t  fr  si  1  ffioult  es  were  on  tan  ly  ar  s  ^  wl  h  we  e 
met  and  oyeroome  by  Davy  btephens  d  Woo  i  and  othera  wh  brought  bc  en  e  o 
tl  e  r  a  d 

The  eng  neer  of  to-day  findi  no  more  d  ffieult  ta  k  to  en  ounter  than  the  proper  and 
]ul  ioua  plann  ng  of  ieep  n  nes  In  tl  e  re  f  rmationa  of  the  Pennayl  an  t 
anthrae   e  m  nea  the   natan  ea    f  ia  lure  ire  n  o      numer  ua  th^ll  tl  oae  of  hu     eas 

Something  more  than  simple  eivil  engineering  is  required  of  Uie  engineer  of 
minea  "  He  must  be  goologiat  enough  to  comprehend  the  lithological  structure  of  the 
meisure^  he  would  penetrate,  in  order  to  approsimat*  the  cost  of  sinking  and  see  justice 
done  by  and  to  the  workmen.  The  form  and  undulations  of  the  hidden  beds  of  coal 
muit  be  unfolded  on  paper,  and  the  design  of  the  mine-working  should  bc  mapped, 
before  the  coal  ia  struck  or  even  the  shaft  begun ;  sirww  it  cannot  be  properij  located 
until  the  undulations  are  approximately  marked  and  the  axis  of  formation  determined. 
To  efi"ect  the  purposes  of  drainage  and  ventilation,  the  depth  and  character  of  the  coal- 
basin  ahoald  be  generally  known.  The  principlea  of  mechanioa,  hydrostatics,  and 
pneumatics  are  brought  into  requisition  in  deep  mining;  and  no  one  not  conversant  with 
those  branches  of  science  can  aucceasfuUy  engineer  and  manage  the  great  collierips 
whiih  the  future  demands  of  the  coal-trade  will  require  in  the  deep  basins  of  the 
anthracite  regions. 

The  w  jnt  of  educated  mining  engineers — practically  educated — is  now  seriously  felt, 
though  not  appreciated.  Waste  surrounds  ua  on  all  idc  Our  oal  beia  are  aomagn 
fioent  and  our  coal-fields  so  extensive  that  the  waste  is  not  now  ncticed  though  it 
cannot  fail  to  be  felt  in  the  future.  If  we  could  see  the  mill  m  of  dollars  annuillv 
waated,  instead  of  the  tona  of  coal  which  are  annually  bur  ed  from  new  and  p  t 
recovery,  we  ahould  then  begin  to  appreciate  the  want  uf  sk  li  ind  improvement  t  1 
the  value  of  the  engineering  profeaaion. 

Under  scientific  mining  we  may  include  the  application  of  the  arts  and  sciences  to  all 
the  practical  operations  of  the  mine, — the  use  of  the  stesim-engiae   in   place  of  the 
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"  pannier-womon"  ■who  formerly  carried  tbe  coal  to  the  surface  on  their  backs,  and  the 
application  of  heat  or  mechanical  force  to  ventilate  the  mine. 

In  penetrating  the  earth  1000  feet,  and  excavating  coal-heds  from  under  immense 
mountains,  whose  weight  we  can  scarcely  estimate,  something  more  than  mere  force  is 
necessary.  It  is  not  merely  the  question  of  ohtaining  the  coal,  or  of  keeping  up  the  moun- 
tain, but  one  of  profit  and  loss,  that  must  be  considered.  Animmenaeoutlayof  capitaSis 
first  required ;  and,  in  order  to  return  a  reasonable  interest  on  the  same,  the  coal  must  be 
obtained  as  cheaply  as  it  could  be  dug  from  open  quarries,  and  the  operation  must  con- 
tinue for  a  long  period  in  order  to  return  the  investment  with  the  interest.  Order  and 
syatom  must  be  maintained  through  many  miles  of  under-ground  roads  and  air-courseH, 
notwithstanding  the  irregularities  of  the  eoal-seams  and  the  unforeseen  changes  of  dip, 
of  size,  and  of  coal.  One  thousand  tons  of  coal  per  day,  or  30,000  cubic  feet  may  bo 
dug  from  beneath  the  superincumbent  moiintaine,  and  yet  the  hundreds  of  men  must  fee! 
safe  beneath  the  mighty  mass.  This  vast  quantity  of  coal  must  pass  through  the  mine, 
— sometimes  through  miles  of  subterranean  passages, — and  be  hauled  to  the  surface,  up 
the  long  ascent  of  a  thousand  feet,  day  after  day,  without  intermission.  At  the  same 
time,  nearly  1,000,000  gallons  of  water  must  be  made  to/oio  up  from  this  great  deptli 
to  find  ita  way  t«  the  sea,  and  over  100,000,000  feet  of  atniospbcric  air  must  be  made 
to  circulate  through  the  dim  avenues  and  workings  of  the  extensive  mine.  All  this 
must  be  done  by  scientific  and  mechanical  means.  There  must  be  no  bungling  nor 
mistakes;  for  the  liies  of  hundreds  of  human  beings,  andperhaps  the  saving  of  hundreds 
of  thousands  of  dollars,  depend  on  the  labors  of  the  engineer.  If  the  coal  is  not  dug 
almost  as  cheaply  as  the  dirt  or  earth  can  be  moved  from  the  surface,  and  in  large  quan- 
tities, the  whole  thing  is  a  failure :  fortune,  time,  labor,  all  are  spent  iu  vain.  If  the 
vatt  Btitam  of  water  is  not  kept  steadily  flowing  up  the  deep  si  aft  thL  nime  ji  d 
all  below  IS  flooded ,  and  if  the  air-currenls  are  suspended  only  for  a  shut  lime  tiie 
rapidly  ai,oumulating  gases  endanger  1  oth  life  and  property 

Therefore  we  'Jay  the  profession  of  the  engineer  of  mines  is  the  moat  d  ffieult  and 
responsible  m  the  enginet,ring  line  The  feat  of  Cul  Pleasanta  in  mining  the  lelel 
fort  at  Petersburg— though  a  trifle  when  compared  with  the  design  and  cxeculion  tf 
deep  coal  mines — was  equal  to  that  of  Go!  Bailey  in  damming  the  rapid'i  i  f  the  Kcd 
Biver  Tho  accomplishments,  however  necessary  to  complete  the  edu  atiou  ol  iin 
efficient  en^,  neer  of  mines  cannot  be  leaincl  frim  books  or  in  Bchool=  fir  nith 
all  the  learning  that  scieni*  can  impart  or  that  tan  he  acquired  m  the  mj  t  ppifett 
mming  cclle„L>  of  liurope  the  engine  r  is  lampntably  dthi  ent  and  incapable 
without  the   experimental    and   practical   part   that    can    only   be    acquired   dt   the 

With  the  'Jime  means  and  under  the  <iame  conditions  of  natural  adi  antagps  w  e  find 
one  mine  sutcessful  and  another  afailure  as  fiir  as  the  chief  object — pro^/— is  concern*  L 
The  deeper  our  mines  descend  and  the  more  the  coal  trade  increases  the  more  will  be 
felt  the  want  of  pr  peily  educated  mining  engineers  In  no  mining  ref,ion  within  tur 
espenenie  is  this  want  felt  and  tins  ItnoivleduP  requind  more  than  in  the  ai  thratite 
fields  of  Pi.nns\  Ivan  a  where  the  great  mi  s  uf  the  cial  n  tinlj  la-,  deep  but  is  moat 
intricately  and  irregularly  depisited 

Most  of  the  English  i,  al  hel  1«  like  our  'We'item  coal  fields,  are  comparatively  simple 
in  the  r  under  gr  uni  ■wringement  and  estall  shed  rules  and  plans  may  generally  Le 
adopted  ne  colliery  and  all  its  avenues  and  chambers  may  be  the  duplicate  of 
another  and  the  same  -iystem  way  be  universal  throughout  a  district  or  a  coal-field. 
But  here  it  is  rare  indeed  to  find  two  collieries  alike  ir  two  sets  of  plans  similar: 
therefore  the  skill  and  talent  found  npcflssary  to  conduct  successfully  the  English 
mines  are  still  mere  required  in  tlie  Pcnnsylvai  u  anthracite  mines;  and  yet  we  are 
far  behind  the  English  mines  in  our  mining  economy.     In  the  manufacture  and  appli- 
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cation  of  mining  machinery,  however,  we  are  up  to  the  times,  and  behind  no  other 
mining  region,  though  but  few  of  our  colliery  eRtahlishments  are  planned  and  erected 
on  the  most  improved  principles.  The  great  defect  of  our  mining  economy  lies  in  our 
mieerable  and  bungling  system ;  and,  since  the  whole  depends  on  this,  it  is  tiic  first 
aubjeot  that  should  receive  our  attention. 

PRACTICAL  MINING. 

The  first  mode  of  working  coa!  in  the  early  days  of  mining,  or  from  the  first  intro- 
duction of  system  in  under-ground  minas,  was  by  "  post  and  stall,"  or  "  pillar  and 
breast,"  as  now  practised  in  this  country  generally.  The  plan  is  to  get  as  much  coal 
as  possible,  leaving  just  sufficient  pillar  to  support  the  superincumbent  strata  and  secure 
the  safety  of  the  workmen. 

Where  pillars  are  left,  attempta  are  afterwards  made  to  work  a  portion  of  them  by 
"  robbing,"  as  it  is  technically  caUed.  But  this  invariably  produces  a  "  creep,"  or 
"crush,"  destiroying  the  remaining  coal  entirely,  or  so  crushing  it  as  to  render  it  un- 
profitable and  daugerops  to  work ;  while  the  permanent  ways  arc  generally  injured  more 
or  leas  by  the  "crash,"  which  affects  a  large  extent  of  the  mine. 

The  English  miners  for  a  long  period  followed  the  foregoing  mode,  and  left  from  one- 
third  to  one-half  the  seam  wasted  or  lost  in  the  mine ;  hut,  while  we  are  doing  this  still, 
they  have  for  the  last  twenty  years  been  perfecting  a  now  and  highly  profitable  system. 

The  late  Mr.  Buddie  was  the  first  to  introduce  the  new  system  in  the  Newcastle  col- 
lieries. The  plan  is  to  remove  all  tke  coal  and  let  the  roof  come  down,  thus  relieving 
the  pressure  from  the  surrounding  portions  of  the  mine;  but  to  prevent  the  crush  from 
afiecting  other  parts,  the  panel  or  barrier  system  was  introduced. 

The  mine  is  laid  out  in  pajiels,  or  boundaries,  as  described  in  our  last  chapter,  and 
ail  the  coal  within  the  space  removed  as  rapidly  as  possible.  In  England  the  mode 
adopted  is  known  as  the  "  board  and  wall,"  and  consists  in  driving  forward  narrow 
"boards"  or  breasts  to  the  end  of  the  panel  or  boundary,  leaving  large  pillars  on  eat-h 
side.  When  the  breasts,  are  driven  to  the  estent  designed, — to  the  boundary  of  the 
mine,  or  to  the  barrier  dividing  one  boundary  from  another. — the  miners  commence 
simultaneoualy  to  "work  back,"  or  withdraw  the  pillars,  on  the  principle  of  "long- 
wall"  working.  By  this  plan  all,  or  nearly  all,  the  i-oal  in  the  mine  can  be  extranled; 
or,  instead  of  leaving  one-third  as  waste  and  lost,  not  over  one-tenth  will  be  left  in  the 

The  difference  between  "board  and  wall"  and  "long-wall"  is  not  great,  but  the 
modes  in  which  (hey  are  applied  in  difierent  parts  of  England  are  very  dissimilar. 

In  Northumberland  and  Durham,  or  the  Great  Northern  coal-field  of  England,  the 
"board  and  wall"  system  is  generally  followed,  as  above  described;  but  in  Lancashire, 
Staffordshire,  and  other  parts  of  England,  "long-wall"  is  the  mode  adopted.  While 
this  mode  is  suBoeptible  of  several  modifications,  it  is  followed  in  only  two  general 

The  most  favored,  but  perhaps  the  least  used,  is  to  open  the  mine  thoroughly  before 
attempting  to  work  the  breasts;  that  is,  the  gangways,  air-courses,  and  all  the  passages 
t-o  tie  breasts  are  finished  before  the  miners  commence  to  work  the  coal,  on  the  largo 
scale.  They  then  commence  "working  back,"  taking  out  all  the  ooal  and  leaving  the 
roof  to  fall  behind  them,  having  their  wr-courses  and  gangways  always  open  through 
the  solid  ooal  as  they  advance  from  the  boundaries  of  the  mine  towards  the  shaft.  This 
mode  is  cheap  and  effective  eventually ;  but  the  time  required  to  open  the  mine,  and  the 
great  outlay  necessary  before  any  return  can  be  made,  are  effectual  bars  to  its  intro- 
duction here,  particularly  when  the  "board  aud  wall"  in  the  boundary  system  is 
equally  effective  and  avMlable. 
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The  seoond  mode  of  applying  longioall  is  only  applicable  in  small  seams  with  good 
top  slate,  or  one  that  produces  enough  falling  material  to  bnild  permanent  ways 
through  the  excavated  mine.  The  plan  ie  to  work  all  the  coa!  aa  the  miner  advanceB. 
and  build  solid  ways  with  rook  or  timber  behind  him  through  the  excavated  portiona. 
When  these  gangways  or  roads  are  well  built,  the  permanence  of  the  ways  i»  sufficient 
for  all  purposes;  but  the  main  avenues  or  gangways  are  always  protected  by  strong 

This  mode  of  working  we  noticed  particularly  at  Blossburg,  Tioga  county,  Penngyl- 
vania,  in  the  Morris  soam,  which  is  about  3  feet  thick,  with  a  fair  roof.  Immense  props 
were  used — not  long,  but  thick — to  protect  each  side  of  the  paesages.  Hemlock  or 
spruce  trees,  from  one  foot  to  three  feet  in  thickness,  were  sawed  in  lengths  a  little  less 
than  the  thickness  of  the  seam,  and  placed  in  parallel  rows  on  each  side  of  the  wagon 
or  tram  roads  as  the  miner  progressed;  while  smaller  props  were  used  along  the  centre 
of  the  breast  to  protect  him  from  the  loose  slate.  These  were  sometimes  removed  and 
used  repeatedly,  if  convenient,  and  the  roof  allowed  to  fall  between  the  roads.  The 
air  could  not  well  be  crossed,  on  account  of  the  small  size  of  the  seam,  and  was,  there- 
fore, circulated  through  the  mine  and  returned  by  a  separate  air-course  not  crossed  by 
the  tram-ways.  The  coal  was  mined  remarkably  cheap,  notwithstanding  the  smallness 
of  the  seam  and  some  mistakes  ia  locating  the  mine,  which  prevented  the  natural 
drainage  of  the  wafer.  But  this  plan  will  not  answer  for  deep  and  fiery  mines,  since 
the  gases  will  in  such  cases  accumulate  in  the  gouves,  or  excavated  portions,  and  alvrays 
be  a  standing  menace  to  the  lives  of  the  workmen,  The  following  illustration  may 
convey  the  idea  of  this  plan  of  "long-wali"  work,  though  we  have  given  only  a  small 
portion  of 


LONG-W.ILL   ADVANCING. 
It  will  be  noticed  by  this  arrangement  that  each  miner  has  a  "  loose  end"  and  a  wide 
FiQ.  145.  Fig,  146. 


breast,  giving  him  advantages  not  to  be  had  in  any  of  the  systems  now  pursued  in  the 
.anthracite  regions.  This  plan  may  be  used  to  advantage  in  most  of  our  small  red-ash 
seams  above  water-line,  whore  the  pitch  is  not  too  great  to  take  the  cars  into  the  breasts 
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or  chambers,  and  Is  the  best  mode  that  can  he  used  in  the  estensive  hitaminoua  coal- 
flelda,  where  timber  is  plentiful  and  where  the  mines  may  be  above  water-lovel,  as  most 
of  them  are  and  always  will  be. 

In  the  foregoing  figure  wo  represent  the  breasts  as  advancing  up  the  pitch  in  a  seam 
of  very  moderate  dip,  or  where  the  dip  is  not  over  5°.  When  the  dip  is  too  steep,  self- 
acting  inelinea  are  used,  and  the  breosta  or  chambers  carried  at  right  angles  to  or  par- 
allel with  tiie  main  gangway  on  the  dip  side,  as  shown  in  the  figure  (146)  of  "long- 
wall"  in  withdrawing  or  working  back. 

LONG-WALL   WORKING   BACK,   OR   WITHDRAWING. 

Th  s  plan  of  1  n  w  11  m  y  he  used  in  the  panel  or  boundary  system  instead  of  the 
b  a  d  a  d  w  11  tl  nly  1  fference  being  in  the  board  being  carried  wide  and  the 
1  ng  way  na  w  and  that  th  air  is  carried  across  tho  walls  instead  of  through  divided 
ways.  In  fa  t,  th  I  unda  y  system  as  set  f  th  in  the  last  chapter,  is  a  compromise 
b  tw  n  th  bad  and  wall  and  the  I  ng  wall  Instead  of  carrying  forward  a  regular 
oh  mb  b    aat    n  wh    h  the    n  ne    can  cut  his  daily  task  of  coal,  the  long-wall 

m  ne  s  8  mply  a  y  f  wa  1  nar  w  way  1  ke  "headings,"  at  great  expense,  and 
f  m  wh  h  all  th  n  at  al  n  u  t  be  em  d  The  withdrawing  or  working-back 
p  ucess  a  th  8.  m  s  pt  that  the  1  ng  all  plan  leaves  nearly  all  the  coal  to  be 
w  ked  n  w  thd  awing  wh  !  the  f  me  nly  w  irks  back  half  the  coal  or  that  left  in. 
the  pillars      But  either  plan  is  far  better  than  any  now  in  general  use  among  us. 

The  writer  remembers  distinctly  experiments  made  in  a  thin  and  slaty  coal-scam  in 
the  Richmond  i,oal-he!d,  with  negro  miners  principally. 

Three  of  the  plans  laid  down  in  page  416  were  tried,  but  it  was  found  that  the  seam 
was  too  thin  and  poor  to  pay.  Tho  miners  could  not  cut  more  than  five  "bogies"  of  10 
bushels,  or  750  pounds,  each,  per  day.  But  on  changing  the  plan  to  long-wall  work 
advancing,  and  using  timber  and  slate  to  preserve  the  tram-ways,  the  production  was 
inoreaaed  to  ten  bogies  per  day,  and  all  the  coal  was  taken  out,  instead  of  one-third,  as 
before. 

The  advantages  of  long-wall  advancing  are  numerous  in  thin,  flat  seams  above  water- 
level;  and  no  plan  is  better,  where  timber  or  rook  from  the  roof  can  be  had  to  keep  up 
the  roads  in  an  available  manner.  But  in  deep  mines,  where  the  gas  is  abundant,  long- 
wall  must  be  used  on  the  "withdrawing"  or  working-back  mode,  either  by  going  to 
the  boundary  of  the  estate,  or  by  dividing  the  mine  into  panels  or  suliordinate  boun- 
daries. We  would  prefer,  however,  to  make  use  of  the  "board  and  wall"  plan,  or 
"breast  and  pillar,"  as  shown  in  the  boundary  system;  since  in  that  the  miner  can 
produce  a  fair  amount  of  ooal  advancing,  and  will  have  all  the  advantages  of  any  other 
plan  in  withdrawing;  while  he  has  room  to  stow  away  his  refuse, — slate,  bone,  dirt, 
&c., — inslead  of  sending  every  thing  to  the  surface  in  advancing,  as  must  be  done  by 
this  plan  in  long-wall  work. 

We  do  not  think  it  necessary  further  to  illustrate  the  English  board  and  wall  system, 
since  it  cannot  be  comprehensively  done  in  the  small  wood-cuts  which  we  are  using,  and 
we  have  determined  not  to  maie  use  of  large  lithographic  designs,  not  only  on  account 
of  the  time  and  labor  necessary  to  produce  them,  but  because  they  are  inconvenient  in 
book-form.  Should  it  be  required,  the  author  will  give  personal  attention  to  this  matter, 
and  furnish  full  and  complete  information  on  the  subject. 

SYSTEMATIC   MINING. 

We  wish,  however,  to  call  particular  attention  to  this  important  subject,  as  one  of  the 
most  interesting  questions  connected  with  the  mining  economy  of  the  anthracite  regions. 
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To  the  landed  proprietors  it  would  save  millions  of  dollars  per  annum,  and  to  the  mining 
operators  perhaps  not  less;  whilo  the  miners  themselves  would  be  benefited  by  all  that 
benefited  their  employers,  and  would  feel  more  secure  in  life  and  limb  while  engaged 
in  their  dangerous  occupation.  We  think  the  advantages  so  plain  and  bo  itumerous 
that  even  the  prejudiced  must  admit  the  desirableness  of  the  improvement.  The  diffi- 
culty, we  apprehend,  will  be  that  of  comprehension ;  our  miniag  managers  are  not  all 
engineers,  and  not  generally  couverHant  with  plans  and  paper  descriptions;  what  they 
know  they  have  acquired  by  a  long  experience,  and  they  know,  too,  that  the  plans  to 
which  they  are  wedded  by  a  life-long  practice  are  practical  in  a  measure, — that  they 
answer  the  purpose ;  while  new  theories  and  new  plans  are  to  them  alike  auspicious  and 
untried. 

We  hope,  however,  that  none  will  refuse  to  learn,  and  that  no  practical  miner  will  be 
found  tfl  defend  our  present  barbarous,  wasteful,  and  dangerous  system,  in  opposition  to 
the  improvements  of  the  deep  English  collieries,  where  more  coal  is  produced  from  a 
three-feet  seam  of  coal  than  we  can  get  out  of  a  five-  or  perhaps  a  six-feet  seam,  and  at 
much  less  cost,  even  when  the  rates  of  labor  are  compared;  where  the  mines  are  three 
times  as  deep  as  ours,  on  an  average,  and  where  the  gas  is  constantly  pouring  forth 
in  a  thousand  jets,  under  a  tension  much  greater  than  any  thing  we  have  yet  found 
in  any  of  our  deepest  mines. 

The  subject  is  certainly  worthy  of  consideration  and  study.  But  little  attention  has 
been  given  to  it.  Our  miners  seem  to  rest  satisfied  with  the  old  system,  now  obsolete 
in  Europe,  and  have  never  sought  or  thought  of  improvement;  and  we  presume  it  will 
be  difficult  now  to  change  the  system,  unless  those  most  interested  will  give  the  matter 
their  attention. 

VENTILATION. 

In  the  economy  of  mining,  particularly  in  coal  where  explosive  gases  are  present,  the 
subject  of  ventilation  is  no  secondary  consideration ;  and  the  practical  miner  or  engineer 
is  not  competent  to  the  management  of  mines  unless  he  is  conversant  with  the  scientific 
questions  necessarily  involved  in  the  subject  of  the  ventilation  of  deep  and  fiery  mines. 

It  is  not  our  purpose  to  discuss  at  present  the  science  of  ventilation;  this  wiC  be  in- 
volved in  the  application;  but,  in  order  to  obtain  a  clear  comprehension  of  the  subject, 
and  to  present  it  practically,  we  must  discuss  its  leading  principles;  and  perhaps  the 
best  mode  of  doing  so  to  the  general  reader  is  to  make  plain  and  every-day  comparisons. 

As  the  wind  rushes  in  storms  from  the  colder  to  the  warmer  districts  by  the  increase 
and  decrease  in  bulk  and  the  ascent  and  descent  of  the  condensed  or  rarefied  portions 
in  the  strata  of  the  air,  so  the  air  may  be  conveyed  through  any  estent  of  building  or 
subterranean  passages.  Rarefied  air,  bemg  lighter  than  common  air,  ascends  above  the 
common  strata,  and  this  creates  a  commotion,  and  brings  distant  currents  to  replace  the 
ascending  column. 

When  common  or  natural  ventilation  is  used,  the  ventilation  of  a  mine  is  similar, 
in  a  limited  sense,  to  that  of  a  house.  The  air  either  passes  in  and  through  any 
passage  open  for  its  progress,  or  is  drawn  in  a  rapid  current  by  the  heat  of  a  fire  or  a 
stove.  That  portion  of  the  air  which  comes  in  contact  with  the  fire  is  rarefied,  and  of 
course  ascends  rapidly  through  the  chimney;  and,  as  it  escapes,  fresh  air  takes  ita 
place;  for  "nature  abhors  a  vacuum."  In  the  same  manner  "furnace- ventilation"  is 
conducted  in  deep  mines. 

But  in  our  coal-mines  the  air  is  frequently  carried  through  many  miles  of  tortuons 
subterranean  avenues,  and  too  often  through  irregular  channels,  where  the  column  is 
contracted  to  one-half  or  two-thirds  of  its  bulk,  and  of  course  is  to  that  extent  retarded. 
The  friction  of  air,  though  insensible  when  in  slow  motion,  is  very  great  when  dragged 
mile  after  mile,  through  rough  and  jagged  avenues,  at  the  rate  of  1000  feet  per  minute. 
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Through  a  straight,  smooth  passage  it  might  he  forced  along  with  half  the  power  re- 
quired to  propel  it  through  the  ordinary  air-courses  of  the  mine. 

Id  most  water-level  mines,  natural  ventilation  can  be  made  available,  entering  the 
air  at  the  lower  level  and  returning  it  to  the  atmosphere  at  a  higher  point;  but  even  in 
these,  when  the  avenaes  are  long  and  narrow,  it  is  estremely  difficult  to  keep  up  an 
even  rentilation,  owing  to  the  constant  variation  of  the  temperature  of  the  atmosphere, 
and  the  consequent  changes  in  the  currents  and  air-strata.  Mechanical  means  are 
frequently  resorted  to  even  in  mines  in  the  mountain-sides,  where  they  are  extensive. 

The  friction  of  air  when  carried  violently  through  rough  and  intricate  passages  is 
greater  than  may  readily  be  imagined.  To  carry  100,000  cuhic  feet  of  air  par  minute 
through  a  single  avenue  contwning  10  square  feet  of  area  will  require  a  far  greater 
amount  of  power  than  to  carry  the  same  amount  of  air  through  ten  avenues  having  one- 
half  the  area,  or  5  square  feet  to  each;  and  this  not  only  demonstrates  the  fact  of  fric- 
tion, hut  points  at  the  best  mode  of  ventilating  mines.  Instead  of  carrying  the  air 
in  one  unbroken  current  through  the  entire  mine,  it  is,  therefore,  best  to  split  the  air 
wherever  convenient,  and  carry  it  by  separate  channels  to  the  respective  portions  of  the 
mine  under  operation.  But  there  is  another  advantage  to  be  gained  by  this  process,  in 
addition  to  the  movement  of  the  column  of  air.  It  is  evident  that  all  parts  of  the  mine 
cannot  be  equally  distant  from  the  upcast  and  downcast  shafts:  consequently,  it  cannot 
he  heat  to  carry  all  the  air  through  the  most  distant  workings,  in  order  to  introduce  it, 
with  all  its  foulness,  to  the  near  workings.  Nothing  can  be  more  evident  than  the 
economy  and  propriety  of  conveying  a  portion  of  the  current  to  each  part  of  the  mine 
respectively,  thereby  not  only  decreasing  the  column  of  air,  hut  giving  to  each  set  of 
workmen  their  share  of  pure  air.  This,  however,  cannot  he  done  in  our  present  system 
of  mining;  but  it  can  be  done,  nevertheless,  with  great  advantage  to  all  interested,  by 
dividing  the  mine  int»  boundaries,  and  carrying  a  branch  current  to  each,  direct  from 
the  main  column,  by  the  most  available  way.  In  order  to  consider  the  different  modes 
of  ventilation  used,  we  will  discuss  them  under  the  heads  of  natural  ventilation,  furnace- 
ventilation,  steam-ventilation,  and  mechanical  ventilation. 

NATURAL  VENTILATION. 

This  is  the  first  and  simplest  mode,  and  one  which  is  naturally  suggested  by  the  ordi- 
nary currents  of  the  air.  It  is  the  method  always  made  use  of  in  all  new  mining  dis- 
tricts, except  where  the  seams  lie  deep  beneath  the  surface.  As  before  stated,  the  air 
is  carried  into  the  mine  at  the  lowest  level,  and  returned  to  the  atmosphere  at  a  higher 
level,  where  the  air  is  more  rarefied,  and  where  the  atmospheric  pressure  is  the  least. 
Under  these  circumstances,  when  the  avenues  of  the  mine  are  regular  and  proportional, 
an  extensive  circulation  is  maintained,  liable  to  derangements  only  from  sudden  changes 
of  the  weather  and  variation  of  the  temperature  of  the  atmosphere.    . 

In  deep  mines,  or  most  mines  carried  below  water-level,  this  mode  is  not  available  to 
any  great  extent.  It  is  very  difBcult  to  make  any  arrangement,  under  such  circum- 
stances, to  keep  up  a  current.  The  levels  being  equal  in  many  cases,  and  generally 
nearly  so,  the  air  is  in  equilibrium,  the  atmospheric  pressure  and  rarefaction  being 
equal,  and  there  being  no  tendency  to  motion.  It  is  true  the  temperature  in  most  deep 
mines  is  higher  than  the  ordinary  temperature  of  the  atmosphere,  and  that  the  pressure 
is  greater  at  500  feet  of  depth  than  at  the  surface ;  bnt  their  effect  is  equal,  and  exerted 
on  all  portions  of  the  mine  aliker  consequently,  some  force  must  be  employed  to  create 
a  movement  and  propel  a  current  of  air  through  the  mine  in  a  given  direction.  This 
is  generally  done  by  heat,  or  the  rarefaction  of  the  air  in  the  upcast  shaft,  which  creates 
a  rapid  upward  movement  of  the  mine-vapor,  and,  consequently,  a  downward  movement 
of  the  atmosphere  to  fill  its  place.     This  method  is  known  as  furnace-ventilation. 
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FURNACE-VERTILATION. 


Ill  figure  147,  a  is  the  upcast  slope,  or  shaft ;  b,  the  main  avenue,  or  gangway;  c,  tho 
inlet  air-course  below  the  gangway;  d,  the  return  air-course  above  the  gangway;  g, 
doors  to  keep  the  air  in  its  proper  course;  and  /  the  furnace.  The  duwncast  slope  is 
not  lettered,  but  the  arrows  indicate  the  course  of  the  air.  The  lower  passage,  e,  is  not 
indispensable,  and  may  he  omitted  when  the  upper  or  return  air-course  is  carefully 
preserved.  By  opening  the  door  g  in  the  gangway  b,  the  air  passes  in  through  that 
avenue,  dispensing  with  i;  altogether  if  the  shutes  are  air-tight. 

The  furnace  /  may  be  placed  to  the  left  of  the  upcast  tt,  perhaps  with  more  pro- 


FiQ.  147. 


priety  than  between  the  upcast  and  downcast,  on  account  of  the  limited  room  around  the 
bottom  of  the  shaft,  and  the  tendency  of  the  furnace  to  weaken  the  pillars.  But,  wherever 
placed,  the  return  air  must  enter  the  upcast  shaft  above  the  point  reached  by  the  tame 
of  the  furnace,  or  else,  under  certain  circumstances,  the  gases  brought  out  of  the  mine 
by  the  returning  current  of  air  might  bo  fired.  Even  with  the  precaution  of  a  "  dummy 
drift,"  &c.  from  the  furnace  to  the  upcast,  the  gas  is  sometimes  flred,  by  accident,  or 
by  the  forcing  back  of  the  return  gases,  by  the  falling  of  the  roof,  or  from  other  causes, 
on  the  flames  of  the  furnace;  and  this  is  one  of  the  fatal  defects  of  the  furnace  as  a 
ventilator. 

A  large  area  of  grate-surface  is  necessary,  and  an  immense  amount  of  coal  cnneumed 
daily,  to  ventilate  a  deep  mine,— requiring  say  100,000  cubic  feet  of  air  per  day;  and 
the  attention  demanded  is  perhaps  greater  than  that  where  mechanical  motors  are 
used.  In  the  furnace  system  the  depth  of  the  shaft  is  no  impediment,  so  far  as  expe- 
rienced, in  effecting  ventilation.  The  shaft,  if  dry,  is  heated,  and  retained  in  that  con- 
dition by  the  furnace  and  the  hot  air  ascending  from  it;  and  the  consequence  is  that  the 
air  continues  !n  a  rarefied  state,  and  escapes  upward  rapidly,  though  the  "  drag"  of  the 
column  may  be  considerable. 

The  following  table,  from  the  Transactions  of  the  North  of  England  Institute  of 
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Mining  Engineers,  will  show  the  amount  of  coal  and  the  estimated  horae-powei"  requisite 
to  obtain  a  given  amount  of  ventilation,  as  pot  oiperiments  eondttoted  at  the  Hetton, 
Blemure,  aud  Bpplutom  collieries,  in  the  Newcastle  coai-fleld. 
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In  the  above  table  it  will  be  noticed  tliat  a  certtun  amount  of  steam  is  employed. 
Hetton  has  4  furnaces,  consuming  19  tons  of  coal  in  24  houra,  and  3  steam-boilers,  pro- 
ducing 6t«am  for  jets,  and  consuming  16  tons  of  coal  in  the  same  length  of  time ;  the 
whole  equal  to  109  horse-power,  employed  in  mechanical  means  to  produce  a  yentilation 
of  176  000  cubic  feet  per  minute 
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WATERFALLS   AND  STEAM-JETS. 

These  modes  are  now  considered  obsolete,  and  are  not  used,  except  on  ; 
when  steam  can  be  prodnced  abundantly  and  cheaply,  or  when  water  can  be  used  with- 
out repumping,  and  drained  off  by  some  adit  level.  Waterfalls  were  much  nsed  when 
natural  ventilation  was  the  only  other  means  employed  to  start  a  column  of  air.  If  a 
large  body  of  water  is  suddenly  let  down  a  pit,  it  compels  the  air  to  move  before  it  and 
follow  after  it;  and  thus,  when  the  air  has  become  stagnant  or  in  equilibrium  by  some 
change  in  the  weather  and  temperature,  the  column  is  started  in  its  proper  direction, 
and  may,  in  shallow  shafts,  be  kept  moving  by  the  ordinary  means  of  natural  ventila- 
tion. It  is  sometimes  nsed  also  in  starting  the  furnace-fires,  or  where  weak  ventilation 
is  used,  because  it  is  much  more  difficult  to  put  in  motion  a  long  column  of  air  than  to 
keep  it  moving  afterwards. 

The  sUam-jet  is  almost  valueless  in  deep  shafts  if  used  alone,  though  it  answers  very 
well  in  shallow  ones,  and  is  an  aid  in  deep  ones  in  connection  with  the  furnace.  The 
steam-jet  acts  like  a  steel  spring.    Its  action  is  ia  its  immediate  vicinity,  and  its  energy 
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IB  soon  eshauBted.  On  being  released  from  tension,  it  suddenly  springs  upward,  and 
of  course  moves  the  mr  quickly  in  it«  yicinity,  but  its  espansion  ia  momentary,  or  ita 
force  confined  to  a  limited  area,  and  doea  not  eiert  its  propelling  power  to  any  diatanee 
up  the  shaft.  Therefore,  if  the  shaft  is  deep  the  steam  cools  and  condenses  befure 
reaching  the  surface,  and  not  only  loses  its  motive  force,  but  actually  ftdls  hack  and 
retards  the  column.  In  a  ahallow  shaft  this  would  not  happen,  as  the  steam  would 
reach  the  surface  before  condensation  took  place ;  and  even  in  deep  shafts,  where  fur- 
naces are  used  in  connection  with  steam-jets,  the  action  of  the  latter  may  be  beneficial. 
The  energetic  action  of  the  steam  on  being  released  from  pressure  in  the  steam-boiler 
moTes  the  air  rapidly,  while  the  heat  of  the  furnaces,  ascending  the  'hoft  prevents 
the  steam  from  suddenly  condensing.  But  neither  the  one  nor  the  othei  is  capable  of 
forcing  the  air,' if  much  pressure  is  required,  through  the  contracted  avenues  of  the 
mine.  This  can  be  done  only  by  mechanical  means ;  but  in  all  cases,  whitever  motive 
power  be  used,  the  more  contracted  the  air-passages  may  be,  the  moie  power  is  required 
to  produce  a  given  amount  of  ventilation,  or  to  pass  a  given  number  of  cubic  feet  of 
air  per  minute  through  the  mine.  If  it  requires  a  force  equal  to  50  horse-power  to 
move  a  column  of  100,000  cubic  feet  of  air  per  minute  through  the  avenues  of  a  mine, 
it  would  require  8  times  tiat  amount  of  force,  or  400  horse-power,  lo  increase  the  ven- 
tilation to  200,000  cubic  feet  per  minut*  through  the  same  mine. 

If  the  main  avenue  of  the  downcast  shaft  and  the  inlet  air-courses  be  equal  to  lOO 
feet  in  area,  or  10  feet  in  diameter,  the  air  would  require  to  travel  lOOO  feet  per  minute 
in  order  to  pass  100,000  cubic  feet  per  minute  with  the  power  proposed.  But  if  the 
area  of  the  air-courses  be  contracted  in  any  part  of  the  mine  to  one-half  the  size  pro- 
posed, or  about  7  feet  diameter,  the  power  required  to  propel  the  column  is  increased  in 
proportion  to  the  contraction,  but  not  in  the  ratio  of  8,  as  before  stated,  since  the  con- 
traction of  lie  air-courses  impedes  the  progress  of  the  air  in  proportion  to  their  length 
as  well  as  in  proportion  to  their  area. 

The  formula,  as  found  bj  experiment  and  practice,  is  this; — "The  pressure  per 
unit  of  surface,  or  head  of  air-column,  required  for  the  propulsion  of  air  through  a 
contracted  passage,  is  proportional  to  the  square  of  the  velocity,  or  to  the  square  of  the 
quantity  of  air  passing  in  a  given  time,  divided  by  the  square  of  the  area  of  the  air-course. 

"The  pressure  required  to  propel  air  through  a  contracted  passage  is  proportional  to 
the  length  of  the  passage,  or  to  the  perimeter  of  the  section  of  the  parage,  under  equal 
circumstances." 

The  friction  of  air  through  a  rough  or  irregular  passage  is  much  greater  than  through 
a  smooth  and  uniform  one.  Unlike  water,  which  flows  through  a  rugged  channel  of 
coarse  stone-work  with  as  little  friction  as  through  glass  pipes,  it  is  retarded  by  fric- 
tion with  every  acute  angle  and  every  projecting  point ;  and  though  these  interruptions 
are  insignificant  as  items,  they  exert  a  great  influence  combined;  and  the  "drag"  of  a 
column  of  air  several  miles  in  length  is  much  greater  through  irregular  and  rough 
channels  than  through  comparatively  smooth  and  uniform  passages. 

MECHANICAL   VENTILATION. 

By  mechanical  ventilation  we  mean  the  use  of  machinery  to  compel  the  uniform 
movement  of  a  column  of  air  iJirough  the  avenues  and  workings  of  the  mine.  This  is 
done  by  various  means.  That  in  use  was  the  ordinary  fan  driven  by  hand  or  ma- 
chinery to  propel  or  blow  a  current  of  air  through  certain  portions  of  the  mine,  or  where 
natural  currents  could  not  be  maintained.  This  mode  has  also  been  tried  for  the  pur- 
pose of  eitensive  ventilation,  but  did  not  answer.  The  difficulty  of  pushing  or  forcing 
a  current  of  air  through  long,  intricate,  and  rough  passages  is  manifest,  and  both  theory 
and  practice  are  against  it. 
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Air  ia  an  elastic  fluid,  that  increases  in  tension  by  the  pressure  exerted  Air  oceu- 
pying  a  certim  spai  e  under  the  ordinary  atmospheric  pressure  can  be  reduced  to  half 
the  space  or  hulk  by  douhle  the  preaaure,  and  to  one-third  the  space  under  a  treble 
pressure,  and  so  on  con>iequently,  the  density  or  weight  of  a  given  column  of  air 
varies  directly  aa  the  pressure  on  each  unit  of  surface  under  which  it  exists,  the  tem- 
perature remaining  unchanged 

The  effect,  therefore,  o!  forcing  air  through  a  long  series  of  intricate  passages  h  to 
increase  its  density  and  friction  in  proporhnn  to  the  pressure  applied  and  the  length 
of  the  column  To  a  limited  extent  this  may  bo  done  by  the  expenditure  of  suffi- 
cient power,  but  this  may  be  compared  to  the  attempt  topusk  a  rope  instead  oi putting 
it.  Whether  the  ordinary  blowing-fan  or  blowing-cylinder  be  used,  the  difficulties  are 
the  same:  therefore  this  mode  must  be  condemned.  But  when  the  same  power  is 
reTeraod,  and  the  fan  or  cylinders  are  made  to  draw  or  suck  the  air  instead  of  pushing 
it,  the  effect  is  reversed,  and  the  natural  or  atmospheric  pressure  becomes  an  active 
agent  instead  of  a  repellant  force;  instead  of  increasing  the  density  and  consequent 
fciotion  of  the  air,  it  decreases  them,  and  proportionately  decreases  the  amount  of  power 
required  to  produce  a  given  volume  or  current  of  air. 

We  have  seen  that  109  horse-power  produces  175,000  cubic  feet  of  air  per  minute  by 
the  furnace  and  steam-jets  in  the  Hetton  colliery;  and  this  is  one  mode  of  drawing  a 
column  of  air.  To  propel  the  same  column  through  the  same  avenues  by  any  blowing 
process  would  require  an  expenditure  of  ten  tJmes  the  power,  or  1090  horse-power, — 
which  would  also  so  increase  the  denwty  of  the  air  that  it  would  be  extremely  diffi- 
cult to  prevent  its  escape  through  the  doors  and  divisions  of  the  air-passages  to  the 
return  air-course  before  it  could  arrive  at  the  extremities  of  the  mine. 

The  expenditure  of  power,  however,  is  greater  by  the  furnace  mode  than  by  the 
mechanical  or  auction  mode.  Lemielle's  and  Guibal's  apparatus  for  exhausting  the 
impurities  of  the  mine,  though  clumsy,  costly,  and  ponderous,  is  more  effective  than 
the  furnace.  These  machines  produce  about  75,000  cubic  feet  per  minute,  under  an 
expenditure  of  50  horae-power.  This,  however,  is  less  than  the  result  of  the  Iletton 
experiments,  which  were  more  favorable  than  ordinary;  and,  generally,  it  is  conceded 
that  even  Lemielle's  ponderous  machines  are  more  reliable,  safe,  and  economical  than 
furnaces.  There  were  several  of  these  machines  in  use  in  France  in  1857-58,  and  alKmt 
this  time  Nasmytb,  of  England,  applied  an  improved  fan  as  an  exhauster  in  England; 
but  up  to  18fi3-64  they  were  not  in  use  in  the  English  collieries,  with  rare  exceptions. 
They  had  not  been  introduced  by  the  mining  engineers  of  the  Forth  of  England  at 
that  time,  but  were  under  discussion,  and  generally  conceded  to  be  superior  to  the 
furnace  and  more  aviulable. 

The  use  of  the  fan  as  an  eibaustec  appears  t*>  have  been  first  successfully  applied  in 
the  anthracite  re^on  at  Locustdale,  near  Ashland,  Pennsylvania,  by  John  Louden 
Beadle,  a  mining  engineer  of  much  practical  experience  and  ability.  It  was  introduced 
in  1857-58,  after  a  long  series  of  practical  experiments  in  blowing  and  eihauiling 
the  air,  and  was  adopted  as  the  result  of  these  experiments.  Thii  fan,  as  applied,  is 
the  simplest  in  use  and  the  moat  effective.  With  half  the  es[>enditure  of  power  and 
means  required  in  the  French  suction  apparatus,  it  produces  better  results. 

Mr.  Beadle  has  recently  patented  his  improved  fan  and  system  of  ventilation;  and, 
from  a  personal  investigation  of  the  plans  and  their  effective  operation,  we  have  no 
hesitation  in  stating  that  his  system  is  the  moat  perfect,  effective,  safe,  and  economical, 
— in  a  word,  more  available  than  any  other  mode  of  ventilation,  and  far  superior  in 
every  respect  to  the  furnace  method. 
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The  facts  we  arrive  at,  after  a  full  ooosideration  of  mine-ventilation  in  all  its  bearings, 
■which,  however,  we  have  but  briefly  Dotieed  in  the  foregoing  pages,  may  be  Hummed 
up  in  a  few  words; — 

1.  The  areas  of  the  air-wajs  should  bo  proportionate  in  siao  or  diameter  to  the  quan- 
tity of  air  required,  ainoe  the  inorease  of  jur  in  a  given  area  is  only  accomplished  by 
an  eightfold  inerease  of  power. 

2.  The  air-ways  should  not  he  contracted  at  any  point  to  a  lees  general  diameter  than 
the  column  requires,  moving  at  a  uniform  speed,  or  than  the  area  of  the  downcast  shaft 
and  main  inlet  b  the  increase  of  density  and  friction,  and,  eonsequentiy, 
the  power  req     ed      p    p  1  the  column,  are  iu  proportion  to  the  contraction  of  the 

3.  The  air-w  ant  ffective  when  they  are  uniform  and  free  from  projectiuj; 
nnd  obtuse  an  1  T  which  moves  in  a  solid  body,  impinges  or  drags  on  all 
rough  surface  d  q  tly,  the  more  smooth  the  surface  of  the  passages  the 
more  freely  will  th                     f  air  pass  through  the  mine. 

4.  The  longe  th  1  m  f  air,  the  greater  will  be  the  force  necessary  to  move  a 
^sven  column;  d  th  m  11  the  areas  of  the  passages,  the  greater  the  friction  and 
velocity  of  the  B  t  th  more  the  air  is  divided  and  the  greater  the  areas  of  the 
auxiliary  pass  g  th  I  w  11  be  the  friction  and  power  required  to  move  a  given 
column,  unless  d  b  y  d  the  area  necessary  for  the  full  atmospheric  expansioh : 
consequently,  h  1  rt  th  urrents,  the  larger  the  ways,  and  the  more  direct  the 
courses,  the  more  effective  will  be  the  ventilation. 

5.  In  order  to  convey  pure  air  to  each  breast  and  to  supply  each  miner  with  a  healthy 
atmosphere,  as  well  as  to  shorten  the  current,  decrease  the  drag  of  the  column,  and 
prevent  danger,  it  is  essential  that  the  air  be  "split"  and  conveyed  by  special  currents 
into  the  respective  workings  of  the  mine,  and  that  the  returning  impurities  should  pass 
into  the  return  air-ways  without  coursing  through  other  workings.  To  do  this  effect- 
ually, it  is  necessary  that  the  mine  should  be  laid  out  in  districts  or  "boundaries,"  as 
described  in  a  former  chapter. 

6.  The  permanent  air-courses  should  always  be  parallel  with  the  permanent  avenues 
of  the  mine,  and  should  never  run  through  the  excavated  and  abandoned  parts,  except 
for  temporary  purposes.  "Gas  drifts,"  however,  should  always  be  kept  open,  for  the 
escape  into  the  return  air-courses  of  any  gas  which  might  accumulate  in  the  "goaves," 
as  shown  by  the  arrows  in  several  of  the  illustrations  given. 

7.  Mechanical  ventilation,  as  illustrated  by  the  exhausting-fan,  is  the  most  available 
mode  known,  and,  for  present  purposes,  the  most  perfect  and  economical  that  can  be 
devised. 

MINE   GASES   AKD   VAPORS. 

The  principal  and  most  dangerous  gas  produced  in  coal-mines,  with  but  rare  excep- 
tion, is  oarburetted  hydrogen,  which  exists  in  various  forms  and  in  different  volumes  of 
carbon  and  hydrogen,  as  coal-gas,  oil-gas,  oil  of  turpentine,  naphtha,  petroleum,  &c. 
It  consistB  in  this  state  of  about  85  parts  carbon  and  15  parts  hydrogen ;  but  light 
carburetted  hydrogen  gas  is  one  part  carbon  and  two  parts  hydrogen ;  heavy  carbu- 
retted  hydrogen  is  one  equivalent  of  each. 

Light  carburetted  hydrogen  gas  is  the  most  dangerous,  difEcuIt,  and  abundant  gas 
with  which  the  miner  is  troubled.  It  issues  from  nearly  all  coal-seams,  at  certain  depths 
from  the  surface,  but  generally  in  greater  volumes  from  the  bituminous  than  from  the 
anthracite  coals.  It  is  not  confined,  however,  to  the  coal-seams,  but  appears  to  exist  in 
greater  abundance  in  the  rocks  below  the  coal  meajiuros,  under  certain  conditions,  than 
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in  the  coal  itself,  as  b  abumlantly  proved  bj  the  immense  volumes  of  this  gas  which 
issue  from  the  oil-wells,  and  by  the  existence  of  the  oil  itself,  wiiich  is  only  a  heavier 
compound  of  tiiose  gases,  or  a  maximum  of  carbon  and  a  minimum  of  hydrogen. 

We  think  we  are  safe  in  saying  that  even  the  coal  itself  is  a  compound  of  these  gases, 
with  probably  certain  traces  of  oxygen.  Anthracite  contains  the  smallest  amount  of 
hydrogen  and  the  greatest  of  carbon;  the  rich  bituminous  contains  more  hydrogen  and 
less  carbon.  Asphaltic  coal.'mineral  pitch,  bitumen,  coal-oil,  petroleum,  and  naphtha 
owe  their  character  to  the  increase  of  hydrogen  and  the  decrease  of  carbon;  while  the 
carburetted  hydrogen  gas,  which  escapes  from  Assures  in  onr  coal-mines  and  rises  from 
the  oil-deposits  beneath  them,  contains  still  less  of  carbon  aad  still  more  of  hydrogen. 

GAS  AS  A  VENTILATOR. 

This  gas— light  carburetted  hydrogen— is  about  half  the  density  of  common  or  atnio- 
epherio  air,  or  of  the  same  lightness  and  ascensional  power  as  common  air  rarefied  by 
500°  of  heat;  consequently,  this  gas  always  lies  above  all  other  gases  or  vapors  in  ttie 
mine,  and  fills  all  cavities  and  openings  in  the  roof,  or  forms  a  stratum  in  the  higher 


If  it  could  escape   from  thence,  there  would  be  little  o 


difficulty  with  gas  in  mines:— in  fact,  it  is  possible  to  make  this  gas  itself  a  means  of 
ventilation  more  available  and  constant  in  all  fiery  mines  than  any  furnace  can  possibly 
be.  The  rarefaction  of  the  air  by  means  of  furnaces  is  seldom  over  200°,  and  often  not 
over  100°:  consequently,  the  ascensional  tendency  by  increased  lightness  is  email.  But 
carburetted  hydrogen  is  as  light  as  air  at  a  temperature  of  500°,  and,  consequently, 
has  the  same  tendency  to  ascend.  If  allowed,  it  would  rush  through  the  upcast  shaft 
with  great  velocity  and  create  a  far  better  current  than  furnaces  could  effect.  This  is 
evident,  since  the  carburetted  hydrogen  of  the  mines,  if  confined  in  a  balloon,  would 
carry  it  up  with  great  velocity  above  the  clouds. 

If  the  gas  of  our  mines  could  be  used  in  this  manner  with  practical  effect,  it  would 
not  only  abate  a  troublesome  and  dangerous  pest  to  mining  operations,  but  become  a 
valuable  and  co-operative  agent. 

In  a  mine  requiring  35,000  cubic  feet  of  air  per  minute,  we  may  estimate  30,000  feet 
an  Bsa  y  to  dilute  the  amount  of  gas  which  may  be  produced,— say  1000  feet  per 
m  nute  smce  30,000  feet  of  air  are  necessary  to  render  1000  cubic  feet  of  gas  perfectly 
nn  I  When  diluted  with  from  7  to  9  volumes  of  atmosphere,  carburetted  hydrogen 

b  m  1  ghly  explosive  and  dangerous:  consequently,  a  large  excess  of  pure  air  ia 
qu  d  ti  make  the  ventilation  safe.  "  Oas-blowors"  frequently  break  out  in  portions 
f  th  m  ne,  and  immense  volumes  of  gas  are  thus  suddenly  produced  Often  the  fall- 
ing of  the  roof  in  the  goaves  forces  the  gas  into  the  air-curronta,  and,  were  there  not  a 
large  surplus  of  pure  air,  explosions  would  in  such  oases  be  imminent 

We  thus  find  that  30,000  feet  of  the  35,000  required  is  necessary  to  counteract  the 
explosive  gases;  while  only  5000  cubic  feet  per  minute  b  required  to  support  life  and 
remove  the  heavy  vapors.  It  is,  therefore,  evident  that  a  very  small  amount  of  ven- 
tilating power  would  be  required  if  the  gases  were  neutralized,  and  less  still  if  they 
were  made  effective  in  propelling  tho  current  instead  of  furnaces. 

This  may  be  a  novel  idea  to  many  of  our  readers.  It  is  not,  however,  new  or  untried, 
the  system  having  been  in  use  in  several  collieries  in  Staffordshire,  England,  with  groat 
success,  and  effected  by  simple  aad  ordinary  means. 

The  plan  is  to  form  tho  return  air-courses,  in  all  cases,  above  the  "intake;"  if  in 
large  seams,  they  may  be  made  directly  over  the  main  avenues  and  wagon- ways ;  but 
if  in  small  seams,  then  to  the  "rise,"  so  that  the  return  air  may  be  higher  than  the 
entering  or  intake  air.  These  courses  or  "gaa-drifta"  are  so  located  that  the  gas 
readily  escapes  into  them  from  all  portions  of  tho  mine,  and,  being  esceedingly  light, 
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rushes  with  great  Telcvcity  towards  the  upcast  shaft,  provided  the  return  air-courses  have 
no  depressions  and  lead  invariably  to  higher  levels. 

It  is  also  necessary  that  the  chimnei/,  or  upcast  shaft,  should  be  comparatively  small, 
and  have  no  communication  vfith  the  working  portions  of  the  mine.  For  the  ventilation 
of  a  mine  requiring  35,000  cubic  feet  per  minute,  a  chimney  three  feet  in  diameter  is 
sufficient  if  the  gas  is  used  as  described,  since  the  volume  is  therehj  reduced  from 
35,000  to  5000  cubic  feet  per  minute. 

Almost  any  shaft  can  be  prepared  for  this  mode,  hy  inserting  a  sheet-iron  or  cast-iron 
tube,  or  by  cutting  a  recess  in  the  side  of  the  shaft  and  walling  it  up  with  brick. 
Pitoliing  seams  are  peculiarly  adapted  to  this  mode  of  ventilation ;  and  where  gas  is 
plentiful  in  the  anthracite  regions  there  is  nj  diffi(,ulty  lu  its  use  as  a  proper  \eiit  lating 
medium 

In  ordinarv  furnai-e  ventilation  where  the  cspan'Jion  of  the  air  may  he  increased 
from  53°  to  105°  3f  000  oubin  feet  of  air  entering  th?  mine  per  minute  at  a  den'iitv  of 
1000  will  leave  it  at  a  density  of  '^7T4  or  070G  pcund  tc  the  cubn,  foot  and  with  i 
volume  increased  to  36  00(J  euhio  feet.  The  amount  of  impurities  taken  up  m  the 
mine  in  the  shape  of  carbonic  acid  nitrogen,  &c  from  the  tespiration  ol  300  men  and 
the  burning  cf  their  lamps  would  require  less  than  1000  cubic  feet  per  minute  since 
oath  man  prtduces  about  cne  cubic  foot  of  carbonic  acid  ga.%  per  hour  or  300  men 
about  5  cubic  f  et  per  minute  which  requires  2"^  cubic  feet  of  pure  air  while  thfe 
amount  to  >™pjoit  the  combustion  of  lamps  wcull  be  "till  kss  thereforp  when  we  "ay 
1000  cubic  feet  per  mmutt  wo  allow  a  suporalundauLe  of  air  for  health  and  all  the 
purprses  of  thp  mine  If  however  the  mine  produiPS  1000  feet  of  gas  per  m  ante  it 
requires  not  less  than  20  OOO  cubic  feet  to  adulterate  it  above  the  e\plosive  \  imt,  or 
30  000  feet  to  render  it  entirply  safe  and  mnoiioui  It  h  therefore  evident  that  the 
gas  of  our  mines  is  the  great  impediment  in  the  wav  of  ventilation  and  requires  ten 
times  the  volume  of  pure  air  required  for  all  other  purp . ses.  Consequently,  if  this  gas 
can  be  made  aa  active  instead  of  a  repellant  agent,  the  great  difficulty  of  ventilation  is 


The  gases  most  dangerous  to  miners,  nest  to  carburetted  hydrogen,  are  carbonic  acid, 
carbonic  oxide,  and  nitrogpn.  Carbonic  acid  is  produced  by  the  respiration  of  men  and 
animals,  by  the  combustion  of  carbon  in  lamps  or  candles,  and  by  other  causes  con- 
stantly operating  in  deep  mines.  This  gas  is  fatal  to  life  if  mixed  with  the  air  to  the 
extent  of  12  or  15  per  cent.  It  is  a  heavy  vapor,  of  a  density  of  1.548,  and  can  be 
poured  from  one  liottle  to  another.  It  is  the  lower  stratum  in  all  mines,  as  the  carbu- 
retted hydrogen  is  the  highest,  Iiamps  will  not  bum  whore  it  esists  in  an  excess  of 
15  per  cent.     It  is  composed  of  one  part  carbon  and  two  parts  oxygen. 

Carbonic  oxide  is  generally  produced  by  the  imperfect  combustion  of  carbon.  It  is 
a  compound  of  one  part  carbon  and  one  part  oxygon.  Nitrogen  is  the  principal 
element  of  the  atmosphere,  anil  is  jirodueed  in  mines  by  the  extraction  of  the  oxygen, 
by  combustion,  or  otherwise.  These  gases  are  ail  fatal  to  life,— either  in  their  proper 
equivalents,  or  when  mixed  with  several  equivalents  of  the  atmosphere.  They  con- 
stitute the  "after-damps"  of  explosions,  and  often  become  more  destructive  to  life  than 
the  explosion  itielf,  since  the  effects  of  explosions  generally  destroy  al!  air-ways  and 
main  avenues,  and  not  only  prevent  the  escape  of  the  men,  but  prevent  the  currents  of 
air  from  supplying  the  necessary  volumes  to  render  the  after-damp  innoxious. 

THE  SAFETY-LAMP. 

Many  regard  the  invention  of  the  miner's  safety-lamp  by  Sir  Humphry  Davy, 
George  Stephenson,  and  Dr.  Clanny — for  they  are  all  the  productions  of  about  the  same 
period — as  improvements  la  the  art  and  science  of  mining,  and  regard  thoa 
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as  benefactors  in  saving  life.  But  however  valuable  the  safety-lamp  has  been,  and 
still  is,  under  certain  circumstances,  and  however  worthy  of  honor  the  distinguished 
inventors  may  be,  we  do  not  consider  that  the  Davy  lamp  has  conduced  to  the  safety  of 
human  life,  or  the  advancement  of  the  science  of  mining  in  the  proper  direction,  if  we 
admit  the  results  to  be  good  evidence. 

Had  this  invention  been  followed  by  others  of  a  kindred  nature,  directed  against  the 
great  prime  evil,  instead  of  providing  antidotes,  it  ia  probable 
that  safety-lamps  would  long  ago  have  taken  the  place  they 
were  intended  to  occupy, — to  show  where  the  danger  esiated, 
and  to  enable  the  miner  to  provide  against  it.  But,  instead 
of  this,  the  "Davy"  has  made  our  miners  indifferent  to  the 
danger ;  it  has  given  them  the  means  of  living  and  working 
in  the  midst  of  the  fiery  atmosphere,  and  they  seem  to  ask 
no  more.  They  are  able  by  means  of  the  lamp  to  face  the 
danger  and  brave  it  for  a  time  with  impunity,  but  in  reality 
it  decreases  their  security.  Had  this  means  not  been  pro- 
vided, efforts  would  have  been  directed  against  the  evil 
itself,  and  the  prime  cause  of  the  danger  would  have  been 
removed,  instead  of  being  entailed  as  a  constant  menace. 
The  consequence  has  been  that  the  number  of  deaths  hy 
gaseous  explosions  in  mines  has  been  increased  by  its  use. 

The  safety-lamp  is,  nevertheless,  a  valuable  invention  or 
addition  to  mining  aoience,  and,  if  properly  used,  might  be 
considered  a  benefit   to  the  miner.     But  the   practice  of 
working  deep  and  fiery  mines  entirely  with  tie  safety- 
lamp,  of  sending  hundreds  of  men  to  their  daily  work  in  a 
than  powder,  and  which  the  slightest  accident  or  carelessness  might  ignite,  c 
too  strongly  condemned.     Mines  that  cannot  be  worked  otherwise  ought  to  remain  idle 
until  moans  be  devised  to  render  tiom  safe.     This  can  be  effected;  and  it  should  bo 
considered  a  crime  to  send  men  to  imminent  death  whore  it  is  neglected. 

We  know  it  is  impossible  to  keep  any  deep  and  extensive  mine  entirely  clear  of  ex- 
plosive gas ;  but  there  is  a  vast  difference  between  the  jets  of  gas  which  are  constantly 
escaping,  and  whioh  may  occasionally  lie  in  the  "  headings,"  where  currents  cannot  be 
carried,  and  the  accumulations  of  the  whole  mine. 

The  danger  and  the  difficulty  can  be  overcome  only  by  removing  the  prime  cause ,  and 
the  safety-lamp  cannot  be  considered  of  any  real  benefit  to  the  miner  so  long  as  it 
diverts  attention  from  the  main  object.  It  may  be  of  temporary  service  to  both  miner 
and  operator;  but,  if  used  as  a  permanent  preventive,  it  ultimately  proves  false  to 
both,  and  brings  ruin  and  death,  instead  of  profit  and  safety. 

The  Davy  lamp  was  introduced  in  1815,  and  the  "Geordie"  of  Stephenson  and  tho 
Clanny  lamp  of  Dr.  Clanny  were  invented  and  made  use  of  about  the  same  time.  The 
first  safety-lamp,  however,  was  made  by  Dr.  Clanny,  in  1814;  but  it  was  too  large  and 
cumbrous  for  general  use,  being  insulated  by  water,  and  fed  by  complicated  contrivances. 

The  conclusions  arrived  at  by  both  Davy  and  Stephenson  were  the  results  of  practical 
experiments  and  scientific  deductions.  They  both  discovered  that  carbonic  acid  or 
azote  (nitrogen)  extinguished  flame, — Stephenson  by  the  fact  that  the  burned  air  from 
a  candle  extinguished  a  jet  of  burning  gas,  and  Davy  by  determining  that  one  part  of 
carbonic  add  with  seven  parts  of  carburetted  hydrogen,  or  one  part  of  azote  with  sis 
parts  of  fire-damp,  rendered  them  non -ex plosive.  They  also  found  by  experiment  that 
flame  would  not  pass  through  small  tubes  or  holes.  Davy  made  use  of  iron-wire  gauze 
of  one-fortieth  or  one-sixtieth  of  an  inch  diameter,  with  28  wires  or  784  apertures  to 
the  square  inch;  while  Stephenson  at  first  used  punctured  tin  plates,  but  afterwards 
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improyed  hia  lamp  by  using  glass  and  wire  gauze.  The  difference  in  the  Davj  lamp 
and  the  Stepheusoo  lamp  is  this; — 

In  the  Davj  the  air  has  a^;l^esB  through  the  meshes  of  the  wire  gauae  on  all  sides,  and 
when  immecaed  in  an  inflammahle  mixture  the  cyliudor  is  filled  with  flame,  and  socn 
(jocomea  red-hot:  the  oil  ceases  to  burn,  for  want  of  oxygen,  hut  the  gas  remains 
ignited  while  the  lamp  continues  in  this  condition,  and  (he  passage  of  tlie  liame  is 
prevented  only  by  the  radiation  of  heat  from  the  wires.  In  this  condition  it  is  dan- 
gerous. 

In  the  Stephenson  lamp  the  air  is  admitted  through  only  a  few  meahea  of  the  wire 
gauze  within  a  glaaa  cylinder,  the  latter  preventing  tlie  entry  of  any  air  or  gas  from 
the  aidea :  conaequently,  but  a  small  portion  of  gas  is  allowed  to  enter,  and,  the  interior 
of  the  lamp  never  being  filled  with  flame,  no  injury  can  result.  In  exploaive  mixtures 
there  not  being  a  sufficiency  of  osygen  to  support  combustion,  and  not  a  sufficient 
quantity  of  gaa  to  support  the  rcquiaite  tetuperature  for  its  inflammation,  the  liglit  is 
extinguished. 

The  Stephenson  lamp  la,  therefore,  a  prrfect!!/  safe  one,  and  not  liable  to  the  objections 
oflered  against  the  use  of  theae  lamps  in  the  preceding  pages,  because  it  will  not  burn 
in  a  dangerous  or  explosive  element. 

The  Clanny  lamp,  as  improved,  produces  more  light  than  either  the  Davy  or  the 
Stephenson,  but  is  more  dangerous  than  the  latter,  and  perhaps  than  the  former,  be- 
oauae  it  is  protected  on  the  aides  by  glaas  only.  The  principles  of  insulating  the  flamo 
and  passing  the  air  in  and  out  of  the  lamp  through  wire  gauze  are  the  same  as  in  the 
lamps  mentioned ;  in  fact,  all  the  improved  safety-lampa — and  there  are  a  great  many 
of  them— contain  these  prinoiples  of  (he  Davy  lamp. 

Among  othera,  we  may  mention,  in  addition  to  the  foregoing,  the  Muselor,  a  Belgian 
lamp,  much  like  the  Clanny ;  the  Boty,  a  modification  of  the  same;  and  the  Eloin,  with 
an  argand  or  flat  burner,  a  glass  cylinder,  and  a  oopper  cap,  something  like  those  used 
in  our  coal-oil  lamps,  around  the  flame.  It  is  easily  extinguished.  In  addition  to  these 
are  the  Glover  lamp,  with  a  double  glass  cylinder  for  protection  in  case  of  accident,  the 
Dpton  &  Roberta  lamp,  whieh  "goea  out"  in  an  inflammable  mixture,  and  the  Hall 
and  Fife  lamps,  having  a  double  cap  of  wire  gauze,  witli  giaaa  cylindera. 

When  lamps  on  the  principle  of  the  Davy,  with  a  covering  of  wire  ganae  alone,  are 
used,  great  precaution  should  be  used  in  withdrawing  them  -when  the  internal  combus- 
tion of  the  gaaea  takes  place,  or  when  tiie  wirea  of  the  gauze  become  red-hot,  aa  an 
explosion  is  then  imminent. 

Lamps  having  glass  cylinders  should  be  carefully  used;  and  the  admission  of  air  into 
the  interior  of  the  lamp  should  bo  so  regulated  as  to  prevent  the  combustion  of  the  gases 
within  the  cylinder ;  while  those  witt  aingle  tops  of  thin  wire  gauze  are  not  a  suffi- 
cient protection  ag^nst  accident. 

The  Stephenson  lamp  and  those  on  the  same  principle  are  the  only  true  safety-lamps. 
They  will  not  bum  in  a  dangerous  or  explosive  mixture,  and,  consequently,  cannot  be 
used  where  men  should  not  be  allowed  to  work.  The  great  objection  to  the  "  Geordie" 
is  its  small  emission  of  light.  The  same  principle,  however,  has  been  improved  by  Mr. 
T.  Y.  Hall,  and  othera,  until  their  lamps  emit  more  light  than  the  Clanny  or  the  Davy, 
and  is  so  constructed  that  they  will  not  bum  in  a  dangerous  mixture,  and  yet  continue 
to  give  light  until  the  danger  is  really  imminent.  Precautions  against  aecidents  are 
taken;  and  the  minora  oannot  Ui/hl  tlteir pipes  by  sucking  thejlame  ihnmgh  the  sides,  as 
in  the  Davy  and  other  lamps. 

Under  such  improvements,  a  real  safeiy-la/mp  may  he  had,  against  the  use  of  which 
there  can  be  no  objection,  except  those  before  made  against  the  general  use  of  safety- 
lamps  in  mining  operations  as  a  protection  from  the  danger  which  ought  rather  to  be 
lemoved.    This  can  be  done  by  the  ordinary  means  of  ventilation ;  but,  as  we  have 
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shown,  this  dangerous  and  troublesome  element  may  not  only  be  rendered  inoffenBiie 
and  safe,  but  may  be  converted  into  an  active  agent  in  promoting  perfect  yentilation. 
The  plan  is  simple,  economical,  and  entirely  available.  We  commend  it  to  the  attention 
of  all  those  who  may  have  fire-damp  ia  contend  with ;  and  we  may  restate  the  principle 
in  a  few  words. 

Carburetted  hydrogen  gas,  or  the  fire-damp  of  our  coal-mines,  being  very  light,  and 
having  a  much  greater  ascensional  power  than  the  air  rarefied  by  our  ventilating 
furnaces,  always  ascends  to  the  highest  points  of  tie  mine  or  working,  seeking  the 
means  of  escape ;  and  if  those  means  were  provided  the  gas  would  rush  out  of  the  mine 
with  great  velocity.  Therefore,  if  the  return  oii^courses  were  so  eonstrucied  iiat  the 
gas  would  invariably  ascend  to  them  and  in  no  case  have  to  descend  in  ita  esit.  it  would 
not  only  escape  as  fast  as  it  issues  from  the  fissures  of  the  coal  or  slates,  but  would  also 
creat*  a  current  by  the  velocity  of  its  movements,  and  supply  a  certain,,  and  reliable 
means  of  ventilation ;  it  would  at  once  reduce  the  ventJlating  column  from  5  to  1,  since 
the  adulteration  of  the  gases  beyond  the  explosive  point  takes  up  the  great  body  of  air 
required  in  fiery  mines.  It  is  estimated  that  1000  cubic  feet  of  gas  requires  30.000  cubio 
feet  of  air  to  render  it  perfectly  safe.  Therefore,  if  the  gas  was  allowed  to  escape 
readily,  a  large  amount  of  this  might  be  dispensed  with. 

MINING  COAL. 

As  there  are  fenmerous  modes  practised  among  miners  in  "getting  coal,"  or  mining 
il,  as  it  is  technically  termed  in  the  anthracite  regions,  we  will  describe  several  of  the 
modes  in  general  use. 

In  the  red-aah  seams  of  the  anthracite  regions,  a  stratum  or  band  of  soft  clay,  slate,  or 
imperfect  coal  is  often  fouud,  which  is  known  among  our  miners  as  "under-mining." 
This  is  dug  out  from  under  the  cool  or  from  between  the  benches,  as  the  case  may  he, 
with  small,  sharp,  and  long-handled  picks.  If  the  band  is  of  sufficient  size,  the 
"holmg"  is  carried  in  from  three  to  four  feet,  entirely  across  the  breast;  or  if  the  coal 
immediately  over  the  "mining"  is  of  a  nature  to  be  removed  without  much  labor  and 
waste,  the  same  thing  is  accomplished.  But  if  the  stratum  of  mining  is  thin  and  the 
aceompanj  ing  coal  hard  and  solid,  the  holing  is  not  made  so  deep.  In  either  case  the 
coal  IS  said  to  be  "under-mined"  when  in  this  condition,  and  is  then  thrown  down  by 
powder  or  iron  wedges.  Sometimes,  when  "  slippy"  or  weak,  it  will  fall  without  further 
exertion  on  the  part  of  the  miner;  and  in  such  oases  he  is  careful  to  leave  small  "posts" 
of  mining  until  the  last.  These  are  then  pried  out  with  a  long  pike,  or  dexterously 
knocked  out  with  the  pick. 

This  process  is  known  as  "  kirvingi"  in  some  parts  of  England ;  but  there  in  the 
bituminous  seams  the  kirving  or  under-mining  is  generally  made  in  the  coal  at  the 
bottom  of  the  seam,  which,  however,  could  not  be  done  in  anthracite  seams,  on  account 
of  its  hardness.  Therefore,  where  "  mining"  does  not  exist  in  a  seam,  the  coal  is  got  by 
blasting  it  out  with  powder ;  and  in  small  seams  the  intelligent  and  experienced  miner 
shows  much  skill  in  keeping  his  breast  in  vrorking  trim,  in  order  to  give  advantage  to 
the  force  of  the  blast  by  getting  his  powder  in  the  back  of  the  coal. 

Most  of  our  large  white-ash  seams  are  mined  entirely  by  the  "blasting"  precess.  In 
the  Mammoth  bed,  which  is  generally  from  20  to  30  feet  in  thickness,  the  lower  bench 
is  blasted  out,  mueh  the  same  as  the  whole  coal  is  worked  in  the  small,  solid  seams 
where  under-mining  does  not  exist;  or,  in  other  words,  tho  large  seam  is  under-mined 
by  blasting  out  the  bottom  bench  by  a  number  of  small  holes.  When  this  is  done,  the 
great  mass  of  the  top  is  either  ready  to  fall,  or  may  be  easily  thrown  down 'by  a  few 
well-direoted  "  shots," — that  is,  holes  drilled  into  the  coal  to  a  greater  depth  than  ordi- 
dary,  and  in  the  proper  places, — and  by  the  use  of  larger  bodies  of  powder. 
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Sometimes  masses  of  a  hundred  tons  are  thrown  down  at  once  in  those  large  seams. 
The  modes  of  esoavating  coal  in  breasts  or  chambers  is  much  the  same  in  all  the 
anthracite  regions.  The  breasts  are  generally  carried  directly  up  the  dip  of  the  seam, 
and  are  from  16  to  30  yards  wide,  with  a  pillar  on  either  side,  and  a  shut«  in  the  middle 
or  on  each  side,  parallel  with  the  pillars.  But  when  the  "Cam  is  not  8t«ep  enough  for 
the  coal  to  gravitate  or  slide  down  the  incline  of  the  shutes  cars  are  talien  into  the 
breastfl  or  chambers,  the  road  occupying  the  same  pDSjtion  is  the  shutes,  except  that 
the  roads  run  obliquely  across  the  dip  instead  of  directlv  with  it  When  shutes  are 
used,  the  miner  throws  his  coal  into  them,  and  it  is  loided  into  the  cars  at  the  bottom 
of  the  shnte,  which  starts  from  the  main  gangway ;  but  when  the  cars  are  taken  into 
the  breasts,  the  miner  throws  the  coal  direct  into  tliem,  and  they  go  to  the  surface 
without  further  rehandling.  There  are  modifications  of  these  modes ;  but  those  speci- 
fied are  generally  in  use. 

Most  of  the  seams  in  the  anthracite  regions  of  Pennsylvania  are  pitching  seams,  and 
dip  at  varying  angles  to  the  centre  of  their  basins.  Those  which  dip  at  40°  and  above 
can  be  mined  with  ease  by  breast  and  shnte  or  runs,  and  no  other  mode  can  be  more 
available ;  while  those  which  dip  at  10°  or  less  can  be  mined  by  breast  and  cars  without 
much  difficulty  by  the  modes  generally  in  use.  But  the  intervening  dips  are  difficnlt  to 
mine  by  the  ordinary  processes,  and  are  generally  the  moat  expensive,  under  equal  circum- 
stances, since  tioy  are  not  steep  enough  for  the  shute  method  without  planking  or  the 
use  of  sheet  iron  on  which  the  coal  may  slide  from  the  miner  to  the  car,  and  are  too 
steep  for  the  convenient  use  of  the  car,  which  cannot  be  siioceasfully  used  on  sleep 
grades.  In  this  lies  one  of  the  defects  of  the  present  system,  which  cannot  be  remedied 
on  the  principles  of  mining  adopted ;  and  many  of  our  miners  are  convinced  that  the 
English  plans  cannot  be  modified  to  our  peculiar  dips.  But  this  is  a  mistake,  as  we 
have  clearly  shown  in  a  preceding  chapter. 

By  adopting  the  boundary  or  panel  and  barrier  system,  all  this  difficulty  would  be 
overcome,  and  by  the  use  of  inclines  the  cars  could  be  taken  into  any  breast  or  chamber, 
having  40°  or  loss  of  dip,  witli  ease  and  economy;  and  not  only  would  this  improve- 
ment be  effected,  but  a  greater  one  would  be  accomplished  by  the  means  it  offers  for 
the  extraction  of  all  the  coal,  and  the  ability  to  sweep  the  workings  constantly  with  pure 
and  fresh  air-cnrrenta.  In  flat  seams  there  is  more  choice  of  the  ways  and  means  of 
working  the  coal;  but  we  can  advise  no  better  mode  than  the  boundary  system,  and  the 
advantage  of  dispensing  with  inclines,  since  the  cars  may  bo  taken  by  horses  into  any 
part  of  the  mine  where  tte  seams  are  of  sufficient  size.  When  they  are  cot,  the  roof 
may  be  taken  down  or  the  bottom  dug  up  to  admit  them,  or  "trams"  may  be  used. 

The  modes  of  mining  bituminous  coals  are  perhaps  more  numerous  than  those 
employed  at  the  anthracite  mines.  In  the  extensive  English  mines,  perfect  systems  are 
now  adopted,  whieh  by  extensive  practice  have  proved  most  economical  or  available  in 
the  district  or  to  the  seam  and  its  peculiarities.  The  board  and  wall  system,  with  its 
panels  and  barriers,  of  the  Northumberland  and  Durham  districts,  appears  to  be  the 
most  available  under  all  circumstances;  while  the  "long-wail,"  as  adopted  in  Lanca- 
shire, Staffordshire,  and  elsewhere,  seems  (a  claim  equal  merits  under  certain  circum- 
stances. But  in  our  bituminous  coal-fields  neither  of  these  systems  is  in  general  use, 
and  are  but  rarely  adopted,  though  in  all  cases  one  or  the  other,  with  their  varinus 
modifications,  would  add  much  to  the  economy  of  mining  coal  even  when  done  on  a 
limited  scale. 

In  most  of  our  Western  mines,  narrow  chambers  are  carried  forward,  without  sys- 
tem, or  in  conformity  with  the  natural  undulations  of  fie  seam,  which,  even  when  appa- 
rently herizontal,  generally  have  an  inclination  in  a  given  direction,  or  rolls  with 
gentle  undulations.  The  chambers  are  frequently  very  narrow;  we  have  often  found 
them  leas  than  twelve  feet  wide:  consequently,  the  trimming  or  cutting  with  the  pick 
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not  only  doubles  the  cost  of  rainiDg  the  coal,  but  destroja  a  great  portion  of  it  liy  leak- 
ing it  into  small  coal  or  dust ;  while  in  the  long-wall  work  a  much  larger  amount  of 
coal  IB  obtained  in  a  large  merchantable  condition,  with  at  least  half  the  work. 

We  are  much  surprised  ftt  the  primitiye  manner  in.  which  those  Western  mines  are 
worked  even  in  comparatiTely  old  districts,  though  operated  by  practical  English 
miners,  conversant  with  the  improved  systems. 

We  think  long-wall  advancing  may  be  used  in  most  of  our  limited  Western  mines 
above  water-level  when  timber  is  plentiful,  or  the  roof-rock  available  for  building  road- 
ways. But  in  all  cases  substantial  pillars  should  be  left  along  the  permanent  avenues: 
by  this  meaaa  nearly  all  the  coal  in  the  seam  can  be  obtained  at  one-half  the  present 

Where  the  timber  is  searoe  or  the  roof-rock  not  availahie  for  building  protecting  walls 
along  the  roads,  the  board  and  wail  system,  or  a  modification  of  it,  as  shown  on  page 
432,  may  be  profitably  adopted,  or  the  long-wall  witMrawing  may  be  used  with  much 
more  economy  than  the  present  system  of  chambers.  Wc  think,  however,  the  boai'd 
and  wall,  or,  as  we  might  call  it,  the  breast  and  pillar  method,  when  laid  out  in  bounda- 
ries, with  the  pillars  left  large  and  withdrawn  aa  soon  as  the  breasts  reach  the  barrier, 
is  the  best  under  all  circumstances,  either  for  the  moderately  pitching  anthracite  seams 
or  the  horizontal  and  undulating  bituminous  seams. 

We  would  like  to  give  more  definite  information  on  this  important  and  interesting 
subject,  in  order  to  impress  upon  our  miners  the  utility  and  benefits  of  the  improve- 
ments and  to  enable  them  to  maie  use  of  them;  but,  escept  by  the  engineer,  a  subject 
80  abstruse  cannot  be  fully  comprehended  without  the  aid  of  plates  and  diagrams.  We 
are  sorry  to  add  that  our  practical  miners,  managers,  and  mining  engioeera,  have  given 
the  subject  of  economical  mining  little  or  no  attention.  They  may  have  sought  to  mine 
coal  as  cheaply  as  possible  by  the  old  and  wasteful  systems,  as  they  have  been  forced 
at  times  to  do  from  stern  necessity.  But  little  or  no  improvements  have  been  attempted 
in  adapting  better  and  more  economical  modes  to  the  peculiarities  of  our  coal-fields 

COAL-CUTTING  MACHINEET. 
Wh  f        h      dm      rs      ythttwldb     mpo     bl    t    sul  "st  t  t    machinery 

f      h      1  bo  tt  1      d  th      h  i  p  ti  Id        1    interfered 

„  th  b  d  W  d  d  th    d  f  th         l-miners  to 

mil        th       lb  1  d     g  mpl  ym  d  w    th    k    h  t  any  im- 

p  t        m       t        th  t         Id  hglt       til       !  b       m     tp  VI       ng  to  tiiem 

i    t    d    f  J    y     I    th  th      f  Ul    th        any     b  1 1  tion  of  ma- 

h      rr  f      m         lib  t       ly  light  h       lurd         b  t     dds  to  tl     r  pay  and 

1  f    mpl  ym  If     aeh        w  t    d      dt«d   th    "holing" 

dmmgtwldhp  d  hpd  fl 

It  t  prob  hlthtmhi      ywUh     pdedtom       col       our  whitc- 

h  blast   i,      m     b      f     th    p    p        f  m       J'       h  1    g—  k        g  the  Eng- 

Ihm  J—      btum  1       m       hy  1      dy  f  lly  at  work  in 

1    f  til     E  gl   1        11  Th     pi  y      mpl  d  1  ble  in  hori- 

zontal seams,  or  in  those  having  a  gentle  dip;  while  it  may  be  used  in  seams  of  con- 
siderable pitch. 

There  are  two  modes  in  use,  both  as  to  the  means  of  giving  motion  and  tiie  character 
of  Uie  motlon,-~oompressed  air  or  steam  in  tiie  first,  and  the  circular  motion  or  thrust 
in  the  second.  We  think  compressed  air  witii  the  tlirust  motion  is  the  best,  since  the 
nse  of  air  adds  to  the  ventilation  of  the  mine  when  below  water-level,  and  particularly 
in  deep  and  fiery  mines,  while  the  thrust  motion  dispenses  with  the  necessity  of  com- 
plicate machinery. 
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Air  is  condensed  by  a  Bfationary  engine  placed  at  the  top  of  the  mine,  or  by  an  attach- 
ment to  the  rods  of  the  pump,  and  ia  confined  in  appropriate  reservoirs  in  convenient 
parts  of  the  mine,  to  which  it  may  bo  conveyed  by  pipes;  or  portable  air-cylinders  on 
wheels  are  filled  by  the  air-pump,  and  conveyed  to  the  breasts  or  chambers  by  the  ordi- 
nary roads  used  by  the  coal-cars.  The  machine  for  cutting  coal  is  variously  made,  but 
the  one  which  we  think  most  simple  and  perfect  is  a  plain  cylinder,  with  a  thrusting 
bar  or  pick  attached  to  the  piston.  This  is  securely  attached  to  a  frame  with  wheels 
and  ratchet,  and  is  placed  on  a  temporary  track  securely  fastened  down  along  the  face 
of  the  coal. 

When  in  place,  the  working  cylinder  is  oonnectod  with  the  air  cylinder  or  reservoir 
by  means  of  a  flexible  tube,  and  the  operator  starts  it  to  work  by  a  hand-lever,  as  he 
would  a  steam-engine.  The  thrusting  bar  is  forced  forward  against  the  coal,  or  in  the 
"mining,"  until  a  fair  commencement  ia  made,  and  a  full  cut  of  a  foot  or  eighteen 
inches  obtained.  The  machine  is  then  thrown  into  self-acting  gear,  and  the  thrusting 
bar  or  pick  works  rapidly,  while  the  apparatus  is  moved  slowly  forward  by  a  hand 
ratehet,  or  is  self-acting.  Ea«h  thrust  of  the  pick  takes  off  a  thin  slice  of  the  coal 
the  full  length  of  the  stroke,  and  as  the  machine  is  moved  forward  the  "holing"  is 
made  the  full  breadth  of  the  breast  to  the  depth  of  the  thrust,  say  18  inches,  by  3 
inches  in  height.  The  thrusting  bar  is  then  removed  and  a  narrower  one  made  use  of, 
say  2  inches  in  size,  of  cutting  edge.  The  machine  ia  then  worked  backwards,  and  the 
second  cut  is  made  across  the  breast  until  the  holing  is  from  two  to  three  feet  deep, 
aecording  to  the  length  of  the  stroke.  If  the  stroke  is  only  12  inches,  three  cuts  are 
made,  but  if  18  inches,  two  outs  will  do,  unless  the  "holing"  is  required  to  be  over 
three  feet  deep.  Three  feet  is  not  a  limit,  however,  to  the  "  holing"  by  this  machine, 
since  it  can  be  carried  to  the  depth  of  five  or  six  feet  if  necessary,  and  a  cut  three  feet 
deep  can  be  made  if  de^red.  The  piston  may  work  at  the  rate  of  60  strokes  per  minute, 
and  each  cut  may  take  off  a  slice  of  coal  from  one-eighth  to  one-quarter  of  an  inch  in 
thickness, — say,  for  esample,  one-fifth,  which,  at  60  cuts  per  minute,  would  mine  12 
inches  per  minute  18  inches  deep:  consequently,  it  would  hoh  30  feet  in  length  by  3 
feet  deep  in  an  lieur,  and  this  would  be  the  minimum  duty.  It  can  be  made  to  double 
that  duty  by  working  faster  and  taking  larger  slices,  depending  on  the  power  of  the 
machine.  But  at  the  rate  mentioned  it  would  undermine  10  breasts,  30  feet  wide,  to 
the  depth  of  3  feet  each,  in  12  hours,  allowing  2  hours  for  removing  and  placing  the 
machine  10  times,  which  would  be  ample,  since  the  operation  is  simple;  and  by  having 
two  sets  of  rails  and  racks,  the  breast  can  always  be  prepared  for  the  machine  in 
advance. 

To  accomplish  the  work  done  by  this  machine,  30  men  would  find  enough  to  do.  But, 
to  be  within  bounds,  we  will  say  that  ten  men,  with  the  aid  of  the  machine,  would  do 
more  work  than  thirty  men  without  it,  and  with  this  advantage:— the  heavy  work  is 
done  by  the  machine,  and  its  breathing,  instead  of  vitiating  the  air  in  the  mine,  adds 
greatly  to  its  amount  and  purity,  particularly  in  the  locality  where  used. 

The  illnstration  given  in  figure  12,  in  the  early  pages  of  this  book,  represents  the 
operation  of  the  iron  miner,  but  the  plan  there  represented  shows  the  circular  or  crank 
motion  The  motion  of  the  pick  is  much  the  B^me  ae  that  given  by  the  miner  It  may 
be  equally  effective  m  operation  but  the  machine  cannot  bo  i,unstrui,ted  with  as  m  i  h 
simpl  p  ty  as  when  the  iirect  thrust  is  need 

There  can  bo  little  doubt  of  the  utihty  of  these  machmes  for  mining  purposes  in 
deep  and  gaseous  litumnous  mines  and  we  think  their  general  adopticn  in  all  our 
bitummoua  mines  where  the  tare  can  be  taken  mto  the  1  rea"!!  is  only  a  questi  n 
(f  tune  Our  coal  miners  need  not  be  jealous  (f  this  wmjetitor  sin  e  he  will  not 
only  lighten  their  labors  but  will  eitend  their  usefulness  and  the  sources  of  their 
em  pi  ymcnt 
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The  writer  knows  something,  eiperim  en  tolly,  of  kirring  or  under-mining,  and  can 
gay  poBitivelj  that  there  is  no  more  tedious,  laborious,  and  tiresome  work  performed  by 
bone  and  muscle.  We  therefore  hail  the  advent  of  the  "  Iron  Mioar"  as  the  precursor 
of  better  times  for  the  coal-miners.  We  may  task  him  without  remorse  and  without 
Btint:  he  will  work  in  fire-damp  or  choke-damp  without  injury  to  constitution  or 
strength,  and  will  drudge  with  tireless  activity,  to  the  relief  of  the  hard-working  and 
poorly-paid  "  kirvers." 
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CHAPTER   XXIV. 

THE    PRACTICAL    DEVELOPMENT   OP    MINES. 

Brinn— TnnnelB,  *c— Dniinaga  by  Tuniiela  or  AdflB— SlDpm  mrlia  Shafts— Harduesa  of  the  reapeoUvo  Strats  in 
tliB  Authracita  HeaaureB— Location  of  Minei— Table  of  DlataactH,  Vertical  and  Horlionlal,  tlitousb  iho  Aiithta- 
cile  Coal  MeaBm-es— Mining  Machinery— Litttng-Pouiei^-Sizo  and  Style  of  Bnginea— BoilepCapacity— Slugle 

Cages,  Travellin^Rods,  Ac-— Pmnping-Machinery — Cermah  riinipiag-^chlnei-y — Rules  ,and  Tahles— Iloise- 

In  Opening  and  practically  developing  mines  of  coal,  much  depends  on  the  natural 
condition  in  which  the  coal  exists.  In  some  localities  the  coal  is  entirely  in  the  moun- 
tftins  and  aboye  water-level,  as  shown  to  he  generally  the  ease  on  the  Great  Kanawha 
Kiver  in  West  Virginia  and  many  other  places  in  our  Western  hituminoas  coal-fields ; 
while  ia  others  part  of  the  coal  is  ahove  and  part  below  wafer-levei,  as  in  the  aiithra- 
isit«  coal-fields  of  Pennsylvania,  the  vieinitj  of  Pittsburg,  and  many  other  places ;  and 
in  other  instani-os  the  coal  is  almost  entirely  below  water-level,  as  in  tbe  liithmoud 
ooal-field,  the  English  Newcastle  mmcs,  &<■„  ifco. 

Drifts,  levels,  or  gangways,  are  generally  employed  alwve  water-level  when  the  senm 
can  be  approached  without  tunnelling  through  the  overlying  or  underlying  rock. 
When  this  is  nei-easary,  rock  tunnels  are  used,  as  shown  in  figure  139,  where  tunnels 
are  made  use  of  to  reach  the  Hcams,  below  water-level,  though  both  underlying  and 
overlying ;  but  above  watMr-lcviil  tunnels  are  seldom  required  to  penetrate  the  under- 
lying strata  in  order  to  reach  the  seams.  This  condition  sometimes  happens,  however, 
whore  the  seams  Jiave  a  low  angle  of  dip  into  a  mountain-side,  and  cannot  be  followed 
by  drift  on  the  seam  on  account  of  water.  In  this  case  a  tunnel  is  started  below 
the  seam  and  run  in  under  it  nntil  tbe  coal  is  reached. 

Tunnels  are  galleries  or  subterraneous  passages  cut  in  the  rock;  and  "drifts,"  as 
technically  called,  are  avenues  of  the  same  description  cut  through,  or  in,  the  coal. 
We  will  not,  however,  dwell  on  these,  as  they  have  been  partially  described  in  the  pro- 
esding  pages.  They  are  tiie  simplest  modes  of  mining,  and  should  always  be  made 
use  of  where  they  can  be  made  available.  As  a  means  of  draining  mines  they  are 
most  effective,  and  may  be  made  use  of  to  a  much  greater  extent  than  they  are.  For 
instance,  a  slope  may  be  100  yards  deep  and  productive  of  a  large  amount  of  water, 
which  requires  the  expenditure  of  JB20,000  in  machinery  and  pumps  for  its  drainage, 
besides  a  constant  expense  of  from  20  to  30  dollars  per  day  in  labor,  oil,  coal,  Ac,  to 
keep  in  operation  while  the  "  lift"  may  last, — say  for  five  years, — or  a  total  expense  of 
862,000.  This  drmnage  may  be  effected  by  tunnel,  in  many  instances,  by  one  of  from 
250  to  500  yards  in  length,  which  at  $40  per  yard  would  only  cost  from  $10,000  to 
$20,000.  In  many  cases  where  much  water  exists  and  powerful  and  costly  machinery  is 
made  use  of  to  drain  the  mines,  it  would  be  better  to  drive  a  mile  of  tunnel,  if  avmlable, 
than  to  erect  machinery  and  entail  the  expense  of  constant  drainage.  We  may  instance 
the  Wiconisoo  mines  at  Bear  Ridge,  the  Room  Run  mines  at  Nesquehoning,  and  some 
of  the  Wilkesbarre  mines ;  since  one  tunnel  would  drain  several  operations. 

The  cost  of  tunnelling  in  the  anthracite  regions  varies  from  $25  to  $75  per  lineal  "yard, 
when  miners  receive  about  $1.50  per  day.  The  cost  depends  on  the  measures  through 
which  tike  tunnel  may  be  driven,  as  shown  by  the  table  on  another  page. 
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the  mpasurea  between  the  Seven-Feet  and  the  Mammoth  are  Boft  slate,  and  can  te 
worked  at  a  low  price ;  the  same  in  the  vicinity  of  the  Primrose  and  the  Big  Tracj. 
But  in  the  vicinity  of  tlie  Lewis,  the  Ilolinea,  and  the  Buck  Mountain  tho  rocks  are 
very  hard,  and  the  cost  is  materially  increased. 

SLOPES. 

In  the  anthracite  regions,  where  the  seams  dip  at  a  high  angle,  slopes  dug  in  the 
seam  and  following  its  dip  are  generally  made  use  of,  in  the  manner  set  forth  in  figure 
139,  and  as  represented  in  several  iliuatrations  on  other  pages.  This  mode  is  the  most 
avsilahle  one  that  can  be  adopted  under  such  ciroumBtanc^,  in  our  deep  basins.  The 
cost  of  labor  in  sinking  slopes  is  leas  than  that  of  tunnelling,  or  perhaps  about  equal, 
when  timber  and  the  cost  of  draini^e,  &c.  are  included,  and  is  only  one-fourth  the 
cost  of  shafting  as  an  aver'in'e 

The  eost  of  labor  in     nk         I  p  f     a  25  to  50  dollars  per  yard,  and  that  of 

shafting  from  100  to  300  d  11  j  yd  If  we  take  tho  minimum,  the  cost  ia  four 
times  greater ;  hut  if  th     m  m   th         t      six  times  greater.     A  slope  100  yards 

deep  may  cost  ^000  f  1  i  It  h  ft  f  th  same  depth  would  coat  $30,000  in  the 
same  proportion. 

At  a  dip  of  45°  it  w    1 1      i  1  p    1500  feet  long  to  reach  a  basin  1000  feet 

deep,  and  the  differe  a  coat  w     Id  b     %75  000  in  favor  of  the  slope ;  and  as  100 

yards  of  a  lift  is  as  m     1  b  m      Uy  worked  in  seams  of  thia  pitch,  the 

ooal  couid  be  mined  by  th      I  P    g  pro  w  th  much  more  availability  than  in  the 

shaft.  The  shaft  must  go  down  to  the  baain,  and  the  coal,  when  mined,  is  with  much 
difficulty  brought  down  the  long  range  of  dip  or  "breasting,"  by  inclines  or  otherwise. 
All  the  coal  and  all  the  water  must  therefore  be  lifted  a  thousand  feet  tlirough  the  shaft, 
when  one-fifth  of  it  would  only  be  lifted  that  distance  vertically  in  the  slope,  though 
the  increase  of  length  would  be  nearly  one-third ;  but  this  does  not  increase  the  cost 
in  the  same  proportion,  since  the  same  power  in  machinery  will  lift  water  1000  feet 
high  through  1500  feet  of  pipe  at  45°  as  easily  as  1000  feet  high  through  1000  feet  of 
vertical  column,  while  less  powerful  machinery  is  required  to  lift  the  coal  1000  feet 
high  at  an  angle  of  45°,  and  a  diatanoe  of  1500  feet,  than  1000  feet  by  perpendicular 
lift ;  on  the  same  principle  that  it  is  eaaier  to  draw  a  load  on  a  railroad  of  20  feet  grade 
to  the  mile  than  on  one  of  100  feet  grade.  In  a  elope  of  60°  or  leas,  the  car  alone  or  a 
small  additional  weight  for  following  truck  is  lifted  with  the  coal  on  a  railroad-track, 
but  in  the  shaft  not  only  the  car  and  coal  must  be  lifted,  but  the  additional  weight  of  a 
heavy  "  cage,"  which  ia  frequently  one-third  of  the  load. 

But,  in  addition  to  those  advantages,  while  only  one-fifth  the  coal  is  to  be  lifted  the 
full  perpendicular  height  of  1000  feet  inlhecaaeUnder  consideration,  the  other  four-fifths 
are  respectively  lifted  only  800,  60O,  400,  and  200  feet;  and  this,  of  course,  means  the 
■wafer  as  well  as  the  coal.  To  be  more  explicit  to  the  inexperienced,  we  may  state  th;it 
the  first  liji  of  a  slope  should  not  be  aunt  over  300  feet  on  a  seam  pitching  enough  to 
"run,"  or  over  35°.  The  coal  is  then  worked  out  to  that  depth  from  one  end  to  the 
other  of  the  property  on  the  "strike"  of  the  seama.  When  thia  is  done,  the  slope  is 
sunk  another  lift  of  300  feet,  and  the  same  process  repeated,  and  so  on  aucoesaively 
until  the  baain  is  reached.  It  is  thus  evident  that  the  ooal  is  not  only  mined  with  more 
economy,  since  100  yards  is  of  sufficient  length  for  any  breast  in  which  the  coal  runs 
from  the  miner  to  the  cars  in  the  gangway,  but  that  only  a  small  portion  of  both  coal 
and  water  is  required  to  be  raised  the  full  distance  specified  of  1000  feet,  in  the  case  of 
a  shaft. 

The  same  arguments  hold  good  in  nearly  all  pitching  seams  from  30°  to  the  perpen- 
dicular.    If  shafts  are  used  of  less  depth  than  1000  feet,  or  tho  depth  of  tho  basin,  only 
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that  portion  of  the  coiil  which  is  above  the  point  of  infereection  with  the  seam  can  be 
mined  from  the  level  of  the  pit;  and,  if  a  greater  depth  is  required,  the  shaft  must  cither 
go  down  through  and  helow  the  seam,  and  the  coal  be  again  cut  bj  a  right-angled  tunnel, 
or  a  slope  must  be  made  use  of  from  the  bottom  of  tlie  shaft;  (iierefore,  under  such  cir- 
cumstances, a  slope  on  the  underlay  of  the  seam  is  always  more  available  than  a  shaft. 

SHAFTS. 

When  the  seama  hare  a  limited  dip,  saj  25°  i  r  less  and  w  here  cars  tan  lie  uoed  in 
tlie  breasts,  shafts  are  more  available  than  slope'*,  since  the  length  tf  the  slope  ifl 
proportionately  increased,  while  the  depth  of  the  shaft  is  decreased  and  the  objeft- 
tiona  to  the  length  of  breasts  do  not  hold  good  under  these  condition'*,  because  in 
seams  of  25°  or  less  the  cars  can  go  into  the  breasts,  and  the  lift  is  not  of  so  much  im- 
portance. Stil),  it  is  a  question  of  some  doubt  at  what  angle  of  dip  slopes  become  more 
expensive  than  shafts;  and  some  practical  men,  of  much  experience,  are  of  the  opinion 
that  slopes  on  the  underlay  of  the  seam  are  the  most  available  so  long  as  the  dip  is 
sufficient  to  allow  the  car  to  drag  the  chain  or  rope  down  the  incline  bj  its  gravity. 
Tor  the  purpose  of  drawing  coal,  tlie  incline  principle  is  to  he  preferred  whenever  a 
mine  can  be  slanted  on  the  dip  of  a  seam,  since  more  coal  can  be  raised  on  an  incline 
than  through  a  shaft,  even  if  the  distance  be  ten  times  greater.  An  engine  of  100 
horse-power  will  draw  up  a  train  of  cars  with  20  tons  of  coal  over  an  incline  of  10° 
with  greater  ease  than  2  tons  of  coal  up  a  shaft.  But  generally  we  wuuld  prefer 
shafts  to  slopes  when  the  dip  ia  under  20°,  except  for  the  firot  (wo  lifts  near  the  surface. 
There  are,  however,  instances  of  frequent  occurrence  where  shafts  are  the  only  available 
means  of  reaching  the  coal,  even  when  the  aeams  have  high  angles  of  dips.  This  may 
happen  when  the  boundary  lines  of  estates  cannot  be  located  on  the  outcrops  of  the 
beds,  or  when  the  outcrops  of  the  seams  are  very  high  on  the  mountain-sides,  and 
positions  for  machinery  cannot  be  obtained.  In  the  first  case,  shafting  must  be  re- 
sorted to,  and  in  the  latter,  tunnels  may  be  used  to  cut  (he  seams  above  water-level, 
and  slopes  below  that  point,  though  sometimes  slopes  are  used  frnm  the  end  of  the 
tunneh  on  the  dip  of  the  seam,  in  the  same  manner  as  when  started  from  the  surface; 
and  this  plan  is  available,  and  may  be  advanlageuuslj  made  use  of,  under  certain 
conditions. 

In  other  instances,  the  seams  undulate  ia  such  a  manner  as  to  form  basins  whose  out- 
ciopa  do  not  come  near  the  surface,  and  on  which  slopes  cannot  be  used;  for  instance, 
the  Mammoth  bed' undulates  in  four  or  five  successive  basins  between  the  Mine  Hill  and 
the  Sharp  Mountain,  in  the  Pottaville  district,  yet  the  outcrops  come  to  the  surface  only 
in  one  or  two  of  these  basins  near  the  Mine  Hill;  consequently,  this  seam  can  be 
reached  only  by  shafting ;  and  the  same  may  be  said  of  many  of  the  overlying  and  of 
all  the  underlying  seams. 

Sometimes  the  anticlinals  of  these  concealed  formations  come  comparatively  near  tha 
surface.  When  these  anticlinals  can  be  correctly  located,  a  shaft  on  their  axis  may  bo 
made  available  at  a  limited  distance  and  cost,  and  from  the  point  of  intersection  slopes 
may  be  put  down  the  respective  dips  to  the  basins,  on  each  side  of  the  anticlinal.  By 
this  arrangement  the  coal  of  two  basins  may  be  obtained  through  one  shaft,  not  only 
from  a  single  seam,  but  from  all  the  seams  whose  anticlinal  asis  is  penetrated  by  the  shaft. 
To  make  such  a  shaft  fully  available,  it  ought  to  be  very  large,  in  order  to  admit  of 
several  hoisting  apartments,  and  of  a  separate  compartment  for  the  pumping  apparatus 
and  upcast  shaft,  or  air-course,  since  a  steady  current  cannot  be  maintained  in  a  shaft 
where  the  oars  are  constantly  passing  up  and  down.  It  would  be  also  desirable,  in  case 
a  large  amount  of  coal  is  required,  to  have  separate  hoiating-ways  from  each  dip  of  the 
Mammoth.     The  lower  seams  could  be  cut  by  tunnel,  and  the  coal  raised  through  the 
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Bame  ways,  wliile  the  upper  seams  would  be  more  availatle  after  the  lower  ones  are 
ex  ha  u  sled. 

The  cost  of  sinking  shafts  varies  eoDsiderahly  in  the  measures  of  the  anthracite 
regions.  Where  the  strata  are  composed  of  slat«,  shale,  and  soft  sandstones,  the  cost  of 
sinking  is  less  than  wheve  they  are  composed  of  harder  material, — sandstones,  rocky 
conglomerates,  &c.  In  the  vicinity  of  the  Tracys,  or  between  the  Little  Tracy  and  the 
Lewis,  or  Gate,  we  find  some  very  massive  and  flinty  rocks  of  great  hardness.  We  also 
find  a  few  hard  strata  between  the  Diamond  and  the  Big  Tracy,  and  between  the 
Orchard  and  the  Diamond;  while  a  very  massive  and  compact  coarse  sandstone  exists 
between  the  Holmes  F  and  the  Seven-Feet,  above  the  Mammoth.  Below  the  Mammoth 
the  measures  are  generally  hard,  with  the  exception  of  a  feiv  thin  strata  of  slate;  but 
above  the  Gate  bed  a  rook  of  peculiar  hardness  exists,  which  may  be  equally  espen- 
flive  to  cut. 

The  cost  of  sinking  is  in  proportion  to  the  size  of  the  shaft  and  the  hardness  of  the 
rock:  much  more,  however,  depends  on  the  latter  than  on  the  former.  In  the  softer 
strata,  a  shaft  10  by  20  may  be  sunk  for  200  dollars  per  linear  yard,  when  the  wages  of 
miners  are  about  $1.50  per  day;  but  in  the  harder  metals  the  cost  of  sinliing  the  same- 
«zed  shaft  will  be  over  300  dollars  per  yard.  As  an  estimate,  however,  we  do  not  think 
a  shaft  oouid  be  sunk  1000  feet  through  the  anthracite  measures  in  the  centre  of  any 
basin  for  less  than  an  average  cost  of  30O  dollars  per  yard,  independent  of  the  cost  of 
pumping  and  hoisting  and  of  the  material  used.  It  depends,  also,  irrespective  of  hard- 
ness, on  the  dip  of  the  measures  where  the  shaft  may  be  sunk.  As  a  general  rule,  it  is 
easier  to  sink  in  the  centre  of  a  basin,  where  the  atrafa  are  comparatively  flat,  than  on 
the  dips  of  the  measures,  where  the  strata  have  a  high  inclination,  since  it  is  more 
difficult  to  advance  against  the  ends  of  the  strata  than  («  go  through  or  across  them. 

Sinking  is  more  costly  in  the  measures  of  the  anthracite  coal-fields  of  Pennsylvania 
than  in  the  bituminous  coal-flolds  of  the  West  or  in  the  English  bituminous  coal-fields, 
since  the  metals  in  the  former  are  much  harder  than  in  the  latter.  It  seems  to  be  a 
diaracteristio  of  the  anthracites  generally ;  and  we  have  no  doubt  that  the  greater  heat 
which  accomplished  the  change  from  anthracite  to  bituminous  converted  the  rocks 
from  a  ferruginous  or  soft  sandstone  to  a  crystalline  or  more  silicious  and  flinty  nature, 
since  the  stratified  crystalline  and  sub-crystalline  rocks  are  harder  than  the  upper 
sedimentary. 

But,  while  the  cost  of  labor  in  sinking  is  less,  the  actual  cost  of  putting  down  a 
shaft  in  (he  deep  bituminous  basins  is  generally  much  greater  than  it  is  in  the 
anthracite  baans,  owing  to  the  open  nature  of  the  measures,  and  the  immense  quantity 
of  water  which  they  contain.  In  many  cases  the  cost  of  sinking  1000  feet  in  the  New- 
castle coal-field  has  been  over  1000  dollars  per  yard.  We  do  not  think  the  cost  of 
sinking  in  any  of  our  anthracite  basins  can  exceed  $500  per  yard  as  the  full  expendi- 
ture, if  proper  precautions  are  taken. 

LOCATION  OF  MINES. 

In  some  cases  there  is  not  much  choice  of  location ;  but  generally  there  is  some  point 
more  available  than  another  in  reference  to  the  permanency  of  the  mine  and  tVio 
economy  of  mining  the  coal.  In  this  country  regard  is  too  often  paid  to  outside  or 
surface  advantages,  at  the  expense  of  general  availability.  But  there  are  advantages 
of  importance  to  be  taken  into  consideraiJon  in  the  location  of  the  outside  establishment 
as  well  as  the  inside  workings, — in  regard  to  the  cost  of  erecting  the  buildings,  the  loca- 
tion of  machinery,  the  movements  of  the  coal  from  point  to  point,  disposition  of  roads 
for  the  cars,  room  for  refuse,  &c.  &c.  But  in  regard  to  the  internal  working  there  is 
no  remedy.     When  a  hole  is  sunk  in  the  ground,  and  the  shaft  established,  there  is  no 
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removing  it,  though  it  may  be  greatly  in  error,  or  in  the  wrong  place.  When  the  mine 
ia  estahlished  on  the  dip  of  a  hasin,  the  point  of  its  location  is  nut  of  so  much  import- 
ance: but,  even  in  this  case,  the  division  of  the  boundary,  the  increase  and  decrease  of 
dips,  and  the  position  of  "  minor  rolls,"  or  subDrdinate  basins,  have  much  influence  on 
the  availability  of  the  works.  But  when  a  basin  or  a  saddle — that  is,  the  synclinal  or 
anticlinal  axis — is  to  be  reached,  it  is  important  that  the  location  of  the  shaft  he 
correct,  or  in  such  a  poaition  as  to  command  the  coal  without  the  use  of  dip-workings. 
We  may  cite  many  cases  where  shafts  have  been  located  wrong  hy  a  few  hundred  feet 
only,  yet  enough  out  of  the  way  to  occasion  great  expense  and  nyich  inconvenienoe 
and  cost  in  mining  operations. 

In  sinking  ta  the  bottom  of  a  basin  it  is  not  always  poasibie  to  reach  its  greatest 
lon^tudinal  depth,  as  some  basins  are  of  great  length ;  but  it  is  almost  always  possible 
to  reach  its  transverse  depth;  and  this  is  the  most  important,  because  the  dip  is  always 
greater  in  this  direction  than  in  the  former,  as  may  be  observed  by  contrasting  the 
sections  in  figure  22. 

The  proper  location  of  shafts,  therefore,  will  he  a  question  of  some  importance  in  the 
future,  when  our  deep  basins  must  be  developed;  and,  since  tliey  are  generally  irregu- 
lar, having  their  axis  rather  to  one  side  of  than  in  a  line  with  the  apparent  surface-axis, 
we  have  given  an  illustration  of  the  proper  positions,  and  pointed  out  the  errors  that 
might  occur  if  the  conditions  represented  are  not  observed. 

In  figure  149,  we  give  the  general  form  of  our  anthracite  basins  in  the  Pottsville 
istrict;  and,  while  the  same  form  does  not  hold  good  in  the  other  districts,  the  prin- 
iple  is  general,  though,  the  formations  are  less  abrupt  in  a  northern  and  western  direo- 
It  will  bo  observed  that  the  bottom  of  the  basin  or  the  centre  of  the  synclinal 

Fio.  149. 


axis  lies  nearest  to  the  steep  side,  or  where  the  dip  is  greatest  Thi  is  a  natural  con- 
sequence, and  is  invariable.  The  centre  of  the  V  \im  app  nis  tc  he  at  the  dotted  line 
n' a',  judging  from  surface  indications,  and  an  inexpenented  pei^on  nould  naturally 
commence  to  sink  at  this  point;  and  the  error  w  uld  b  serious  sin  e  half  the  coal  in 
the  basin  would  lie  to  the  dip  side,  and  could  only  be  obtained  by  dip  vi  irkings  or  the 
extension  of  the  shaft  below  the  coals,  which  are  then  reached  from  the  bottom  of  I'r.n 
shaft  by  tunnels.  The  process  would  be  tedious  expensive  and  inconvenitnt,  as  a 
tunnel  would  be  required  for  each  seam. 

By  a  little  observation  and  calculation  it  may  be  conclusively  determined  that  a  is  tlie 
proper  place  for  the  shaft,  and  that,  hy  sinking  here,  several  important  advantages  will 
be  secured:  the  cost  of  sinking  through  and  in  the  vicinity  of  a  coa!-hed  is  one-half  less 
than  that  of  sinking  through  the  measures,  as  at  o'  a';  the  shaft  can  he  sunk  in  half  the 
time,  and  the  saving  for  a  shaft  1000  feet  deep  would  not  bo  less  than  $50,000,  while  the 
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coala  of  the  basin  would  be  reached  at  a  point  where  tiey  would  all  be  commanded 
without  dip  workings,  &o. 

It  will  be  observed  that  tho  natural  consequence  of  the  formation  represented  is  to 
throw  the  apparent  centre  of  the  baain  far  to  the  right  of  ita  real  position,  while  the 
actual  centre  ia  as  naturally  thrown  to  the  left.  The  same  result  happens  to  tho  anti- 
clinal or  saddle.  Each  seam  has  its  83:13  progresaivelj  thrown  to  the  left,  and  a  shaft 
at  the  dotted  line  6,  would  strike  the  axis  of  the  upper  seaan,  but  would  miss  the  asis  or 
saddle  of  the  lower  one  considerably,  and  be  seriously  in  error  if  it  were  calculated  to 
work  both  basins  by  slopes  from  the  bottom  of  the  shaft.  But  a  shaft  at  6,  b,  to  the 
asia  of  the  lower  scam,  would  not  only  be  in  proper  position  to  command  the  coal  of  that 
seam,  but  all  the  seams  in  both  basins,  since  the  slope  in  passing  the  roll  e,  c  may  be 
continued  in  its  proper  direction  on  the  dotted  line  J^,J^.  But  the  continuation  of  the 
slope  through  the  slates  would  be  best  aflcompliehed  after  the  extraction  of  the  coal 
from  the  point  </  to  the  bottom  of  the  shaft,  or  all  the  coal  of  the  roll  and  aboye  it,  since 
this  would  form  the  second  "lift"  according  to  our  scale,  supposing  the  shaft  o  to  be 
lOOO  feet  deep.  We  hate  given  the  shaft  c,  a,  and  the  dotted  line  c',  to  show  how  a  shaft 
may  be  sunk  in  error  even  on  the  dips  of  a  baain;  but  the  location  of  a  shaft  at  this 
point  depends  on  future  operations.  If  it  was  designed  to  work  the  dip-coal  by  slope 
from  the  bottom  of  the  shaft,  then  the  location  at  c'  would  not  be  wrong,  since  the 
roll  and  the  upper  coals  could  be  reached  by  tonnel;  whereas,  if  located  at  e,  c,  slopes 
would  be  required  on  the  principle  oi  f,f,  in  order  to  reach  the  dip  coal,  which  would 
be  more  espensive  tlian  tunnels  from  c'  to  reach  the  upper  coals.  But,  in  case  it  is  not 
intended  to  work  the  dip  coals  by  slope  from  the  bottom  of  tie  shaft,  it  is  better  to  sink 
the  shaft  at  c,  c. 

Surface  indications,  or  the  strata  near  the  surface,  are  always  a  good  guide  in  regular 
basins ;  but,  in  irregular  formations,  experience  and  geological  knowledge  are  required 
to  locate  mining  operations  properly.  In  the  following  table  will  be  found  some  inte- 
resting and  valuable  information.  The  data  were  prepared  by  Mr.  John  Ilolmoa,  a 
practical  miner  of  St.  Clair,  and  the  calculations  made  by  General  H.  Pleasants,  of 
PottsTilie. 

This  table  gives  the  distances  of  both  shaft  and  tunnel  from  one  seam  to  the  other 
under  different  degrees  of  dip,  and  the  relative  cost  of  sloping,  tunnelling,  and  shafting, 
ivom  one  seam  to  the  other  through  the  intervening  measures.  It  also  gives  the  vertical 
or  right-angle  distances  from  one  seam  to  the  other;  and  we  have  added  our  nomen- 
clature, or  alphabetical  letters,  to  tie  common  names  of  the  seams  as  accepted  in  the 
Pottsville  district. 

We  think  the  dietani,es given  in  this  table  are  the  minimum  distances  for  the  Potts- 
ville district,  and  will  not  conform  to  the  distances  general  in  the  anthracite  regions. 
We  find  the  distance  at  Scranton  from  A  to  J  to  be  only  455  feet  vertical ;  at  Pottsville 
the  distance  is  over  1000  feet;  while  at  Locuatdale,  n^  Ashland,  in  the  Mahanoy 
region,  it  is  considerably  greater,  as  shown  in  figure  59.  But  by  taking  the  vertical  or 
right-angle  distances,  as  given  in  the  various  vertical  sections  of  the  several  r'egioiis  and 
iheir  relative  dips,  an  approximate  tunnel  and  shaft  distance  can  be  obtiuned  by  tho 
relative  computation  given  in  the  table.  , 

We  find  the  distance  from  M  to  L,  or  from  the  Lewis  to  the  Little  Tracy,  to  be  150 
feet  at  right  angles  to  the  dip,  and  the  horizontal  or  tunnel  distance,  at  15°  of  dip,  to  be 
579.5  feet,  while  the  shaft  distance  is  only  155.3  feet.  Aa  the  dip  increases, 'the  tunnel 
distance  decreases,  and  the  shaft  distance  increaaea;  therefore,  at  75°  of  dip,  the  tunnel 
or  horizontal  distance  is  only  155.3  feet,  and  the  shaft  or  vertical  distance  579.5  feet, 
which  is  the  reverse  of  15°,  because  the  75°  from  the  vertical  is  the  same  in  reverse 
as  15°  from  the  horizontal.  This  rock  ia  very  hard,  and  we  find  tho  cost  to  be  $C0  per 
lineal  yard  for  tunnels,  $250  for  shafts,  and  $30  for  slopes,  when  labor  ia  at  $1.50  per 
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daj  for  miners;  tlie  eliaft  being  about  10  X  20  feet  in  diameter,  and  the  tunnel  T  X  I" 
feot.  The  alopeB  vary  with  the  size  of  the  seams,  and  are  made  in  proportion;  there- 
fore the  cost  of  sinking  on  a  amali  seam  is  from  $25  to  $30  per  yard,  whiio  on  the 
Mammoth  it  is  SSO  per  yard.  These  figures  include  only  labor ;  the  outlays  for 
material,  timber,  machinery,  cars,  and  hoisting  and  pumping,  are  additional. 

In  order  to  find  the  depth  of  a  basin  by  this  table,  it  will  be  necessary  first  to  get  the 
average  dip  of  some  well-known  seam;  find  the  distance  from  that  to  the  basin  of  the 
seam  required,  and  then  the  distance  from  the  same  point  to  the  centre  of  the  basin 
as  nearly  as  can  b«  approximated  by  surface  indications,  taking  care  to  allow  for  any 
dlfi^erence  in  dip  tliat  may  exist  between  the  oppMite  sides  of  the  basin,  as  described  in 
figure  149. 

We  wish,  for  instance,  to  find  the  depth  of  the  Mammoth  at  a  certain  point  where 
this  Eeam  does  not  outcrop;  but  we  find  the  outcrop  of  the  Primi-ose,  which  we  know  is 
from  290  to  300  feet  aboTe  the  Mammoth,  Wo  wish  to  start  a  shaft  on  the  north  side 
of  the  basin,  150  feet  south  of  the  outcrop  of  the  Primrose,  which  we  find  to  be  near  the 
outcrop  of  the  Orchard.  The  average  dip  is  15",  and  we  find  the  vertical  distance  to  be 
about  455  feet,  wliich  is  verified  by  the  St.  Clair  shaft,  commenced  and  sunk  under  such 
circumstances.  To  find  the  basin  of  the  Mammoth  under  a  dip  of  25°,  we  find  the  out- 
crop of  one  of  tie  upper  seams — aay  the  Big  Tracy — and  measure  the  distance  to  the 
centre  of  its  basin.  We  find  tlie  distance  to  be  638.9  feet,  the  perpendicular  270,  or  the 
distance  at  right  angles  through  the  meastires  since  the  dip  is  0°  in  the  centre  of  the 
basin.  If  the  dip  has  been  preserved  at  25°  the  wlitle  difttance  cf  63S  9  feet  the  ]  er 
pendicular  will  be  297.9  feet.  We  find  therefore  the  depth  to  K  or  the  Big  Trioy 
t-o  be  270  feet  in  the  centre  of  the  basm  where  the  distince  fiom  the  outorop  of 
the  same  is  6i58.9  feet,  and  the  dip  20°  on  an  average  This  being  demonstrated  we 
find  by  the  table  that  the  distante  fr)m  K  to  B  or  from  the  Big  Tracy  tc  tl  <.  Mim 
moth,  is  902  foot:  consequently,  the  whole  diitame  is  U''2  teet  This  we  c  n'^idcr  a 
minimum.     The  probability  is  tliat  the  diatante  would  bo  rather   over  this  i.  I  i  la 

The  approximate  distances  are  guen  in  the  vertical  sect  ons  accjmpan\  t,  our  de 
Bcriptiona  of  the  respective  coal  regions,  and  the  approximate  Icj.th  may  le  obtained  m 
the  same  manner  by  finding  the  basin  of  some  upper  seam  and  then  adding  the  distance 
as  given  from  the  seam  found  and  known  to  the  seam  wanted,  in  the  centre  of  any  basin. 
But  if  the  shaft  is  located  on  the  dip,  the  average  angle  of  the  dip  must  be  demonstrated, 
and  the  perpendicular  depth  found  from  the  accompanying  table,  allowing  for  the 
increased  or  decreased  thickness  of  the  measures,  as  found  on  comparing  the  vertical 
column  of  the  re^on  with  the  distances  in  the  table. 

MINING  MACHINERY, 

However  important  the  location  and  development  of  our  mines,  and  necessary  as  may 
be  the  knowledge  and  experience  to  accomplish  their  development,  these  requisiies 
arc,  perhaps,  uot  more  important  or  neoessavy  than  the  mechanical  skill  and  judgment 
required  in  designing  or  selecting  the  most  available  machinery  for  the  place  or  the 
purpose.  This  is  evident:  we  have  seen  it  demonstrated  on  so  many  occasions,  and  in 
90  many  places,  that  we  often  feel  surprised  and  pained  to  witness  so  great  a  lack  of 
tact  where  so  much  mechanical  skill  exists.  The  want  is  not  in  the  ability  to  manu- 
facture, but  to  apply  the  necessary  mechanical  power.  We  do  not  wish  to  make 
invidious  mention,  but  within  our  experience  we  could  point  out  a  hundred  cases 
where  the  most  serious  oonsequenees,  in  increased  expenditure  and  waste  of  power, 
have  resulted  from  misapplication  and  miscalculation. 

In  mining  machinery,  two  important  considerations  require  the  first  attention,  vii.i 
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Bimplioity  and  strength.  In  colliery  eDgines,  the  question  is  not  so  much  economy  in 
tUe  use  of  fuel,  as  availability  in  mining  operations;  power,  durability,  and  general 
simplicity  of  style  are  the  most  essential  requisites;  and,  whether  designed  for  hoisting 
or  pumping,  the  more  compact  and  concentrated  their  efforts,  the  more  serviceahio  and 
permanent  will  he  their  duty.  But  iie  fitjle  of  the  machinery  ia  also  an  important 
consideration.  Heavy  engines  are  now  generally  required,  since  our  mines  are  in- 
creasing in  depth  as  our  colliery  establish menta  increase  in  proportion;  and  larger 
quantities  of  coal  are  required  as  their  product  in  order  to  compensate  for  the 
increase  of  the  original  outlay  and  the  general  daily  espense. 

If  ten  tons  of  coal,  oar,  cage,  and  rope  are  to  he  lifted  1000  feet  per  minute,  we  can 
form  some  idea  of  the  size  and  power  of  the  machinery,  taking  "Watt's  calculation 
of  the  duty  of  a  horse-power  for  our  guide.  At  33,000  pounds  lifted  one  foot  high  per 
minute,  as  the  law  of  a  horse-power,  it  would  require  600  horse-power  to  lift  10  tons 
1000  feet  per  minut«;  or,  by  gearing,  to  lift  the  same  in  two  minutes,  300  horse-power 
would  be  the  calculation.  But  in  our  mines  we  always  balance  the  cage  and  the  car; 
we  have,  therefore,  on  starting,  3  tons  less,  and  200  horse-power  will  do  the  work 
designed, — that  is,  lift  ten  tons  500  feet  per  minute, — providing  the  balancing  power 
is  equal  to  one-third  of  the  load. 

With  machinery  of  such  power  it  is  necessary  to  calculate  the  area  of  the  piston-head 
in  proportion  to  the  load  to  be  lifted,  since  the  speed  of  the  piston  and  speed  of  the  load 
cannot  be  varied  to  the  extent  they  may  be  in  smaller  engines.  If  the  drum  on  which 
the  rope  winds  is  12  feet  in  diameter,  the  pinion  on  the  crank-shaft  he  4  feet,  and  the 
stroke  5  feet,  or  the  crank  2i  feet,  the  piston  must  move  at  the  rate  of  413J  feet  per 
minute  to  move  the  load  at  the  rate  of  500  feet  per  minute,  and  the  number  of  revolu- 
tions must  be  41|  per  minute, — which  is  faster  than  an  engine  of  200  horse-power  ought 
to  move.  But  by  arranging  the  engines  as  two  100  horse-power  connected  iiuk-motlon 
engines,  their  speed  might  bo  increased,  and  tiio  load  moved  at  the  rate  of  500  feet  per 
minute,  with  great  facility. 

Twenty  revolutions  per  minute  would  be  a  fast  speed  for  a  200  horse-power  engine 
with  a  stroke  of  6  feet;  therefore,  to  move  a  load  at  the  rate  of  500  feet  per  minute,  the 
pinion  would  be  RJ  feet  diameter.  But  by  the  use  of  two  connected  100  hotse-power 
engines  the  speed  may  readily  be  increased  to  40  revolutions  per  minute,  and  the  pini<ia 
reduced  to  4^  feet,  while  the  stroke  may  be  5  feet  or  less.  This  arrangement  increases 
the  leverage  or  power  of  the  engines  one-half,  and  has  the  advantage  of  keeping  one  of 
the  engines  continually  on  the  "live  centre,"  but  the  amount  of  steam  used  is  thereby 
considerably  increased.  This,  however,  would  be  a  necessity,  under  the  circumstances 
of  lifting  a  load  of  7  t«ns,  or  14,000  pounds,  500  feet  per  minute,  since  a  SOO  horse- 
power engine  would  scarcely  do  the  work,  while  two  100  horse-power  connected  engines 
would  do  it  easily,  provided  the  quantity  of  steam  were  increased. 

In  this  respect  it  is  remarkable  that  the  deficiency  is  general.  Boilers  are  almost 
always  calculated  too  closely,  and  many  efficient  engines  are  crippled  for  want  of  a  full 
supply  of  steam.  Where  the  generation  of  steam  is  more  an  object  than  the  first  cost 
of  machinery,  as  on  ocean  steamers,  and  where  coal  is  costly,  it  is  a  matter  of  necessity 
or  economy  to  provide  engines  calculated  to  do  the  most  duty  with  the  least  amount  of 
steam,  as  in  the  Cornish  low-pressure  engines,  or  in  working  steam  expansively  in  high- 
pressure  engines;  but  in  all  other  cases  it  is  economy  to  provide  an  excess  of  steam- 
boiler  or  heating  surface.  The  object  in  such  cases  is  to  make  a  small  amount  of  fire 
surface  heat  a  great  extent  of  boiler  surface,  or  to  expend  the  caloric  in  the  most 
efficient  manner. 

But  in  colliery  establishments,  where  coal  ia  plentiful  and  cheap,  the  same  objects  are 
not  directly  sought,  though  it  is  equally  important  that  a  largo  boiier  surface  should  be 
provided — not  80  much,  however,  with  regard  to  the  economy  of  fuel  as  to  the  efficiency 
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of  the  power,  though  a  surplus  of  boiler  does  not  affect  the  qunntity  of  coal  used  in  an 
unfavorablo  manner;  in  fact,  the  result  la  quite  the  reverse.  When  there  is  a  dclicienej 
of  boiler  surface,  steam  is  always  low,  and  the  engines  cannot  do  their  duty,  while  an 
eaoessivo  firing  simply  wastes  the  heat  by  passing  it  up  the  stack.  Therefore,  an  extra 
boiler,  with  fires  arranged  for  the  most  eft'eotive  use  of  the  fiame  and  heat,  and  moderate 
firing,  not  only  saves  labor,  coal,  and  material,  but  also  renders  the  machinery  fully 


Large  single  engines  are  not  as  useful  in  colliery  establishmentfi  as  smaller  double 
oonneeted  engines  where  speed  is  required,  as  in  nearly  ail  our  mining  departments, 
except  in  pumping;  and  in  this,  large,  heavy,  and  slow-moving  engines  are  mure  useful 
than  smaller  and  faster  ones 

To  present  the  matt  r  cleirly  we -n  ill  state  tl  at  a  40  horsepower  en„mc  su  ,.]e 
moving  at  50  revolutions  per  minute  and  consuming  10  000  cuhio  inchfa  of  steam 
(which  is  aa  excess}  at  50  pounds  pre-fsurp  wilt  lilt  bOOO  pounds  300  feet  jer  minute 
But  two  20  horse-power  eonnectfld  engine?  running  at  100  revolution?  |er  minat* 
and  consuming  32,000  oubio  feet  of  steam  will  hit  druble  the  weight  with  more  ease 
300  feet  per  minute.  In  the  first  instance  the  pinion  or  drum  should  be  two  teet  in 
diameter,  and  in  the  second  one  ftot  diameter  But  if  tlie  pmitn  lelnam^  tl  e  ime 
the  load  is  lifted  nt  double  ite  speed  To  a  certain  extent  this  rule  holds  good 
notwithstanding  the  additional  friction  of  the  two  (.jlmders,  since  the  advantage  gained 
by  having  one  crank  continually  on  the  live  centre  more  than  compensates  for  the  addi- 
tional friction. 

The  heaviest  loads  to  be  lifted  from  out  deep  mines  should  not  exceed  7  tons,  or,  if  10 
tens,  3  tons  may  be  counterbalanced  by  the  descending  cage  and  wagon :  therefore  200 
horse-power  ought  to  be  sufficient  to  do  the  work  of  hoisting  from  any  single  shaft  or 
slope.  But,  as  before  observed,  and  on  the  principle  adyanced  in  the  case  of  the  40 
hfrsepfwer  or  the  two  20  horse-powers  two  100  horse  pwer  connected  engines 
would  have  the  same  advantage  oier  the  2U0  horse-pcwer  single  engine  that  the  tw(  20 
horse-power  engines  had  ovet  the  40  horae  p  wer  engine  The  load  in  both  cases 
IB  ferhips  m  le  than  shoull  be  attached  We  cnl  ulate  however  the  maximum 
duty  of  a  single  engine  as  the  minimum  duty  of  two  connected  engines  of  the 
same  average  [owei  ani  suppliel  with  a  full  amount  of  steam  A  40  horse  pcwtr 
engine  will  b  t  lift  mcie  than  6000  pounds  300  feet  high  [er  minute  with  it 
great  'Jtrain  lunning  at  50  revolution';  per  minute  But  tw  20?  running  at  I'WI 
revjlutud'^  per  minute   will  lift  a  f,reatei  Ical^ — *  ay  8000  poinu-. — that  distancf- ■nilh 

The  weight  to  be  lifted  in  a  shaft  300  feet  deep  may  be  estimated  thus; — coal,  3  tons: 
car,  1}  tons;  cage,  J  ton;  rope,  f  ton, — since  the  pulleys  should  be  some  distance  abon- 
the  landing-point.  This  would  give  5|  tons  as  the  load.  But  the  cage  and  ear  wouid 
be  counterbalanced,  and  would  thus  reduce  the  weight  to  be  lifted  by  the  engine  to  H^ 
tons  at  starting,  3  tons  in  the  middle,  and  2i  at  the  top  of  the  shaft;  since  in  thomidille 
the  rope  is  balanced,  and  nothing  but  the  coal  is  lifted,  while  at  the  top  the  rope  countor- 
balances  an  equal  weight  of  coal.  Therefore  the  maximum  load  is  8400  pounds,  Ihe 
average  6720  pounds,  and  the  minimum  5040  pounds.  This  load  can  be  lifted  500 
feet  per  minut*  by  two  20  horse-power  connected  engine,  if  geared  to  run  at  100  revo- 
lutions  per  minute. 

In  a  shaft  of  1000  feet  depth,  the  load  would  be  considerably  increased  with  the  same 
coat-oar  and  cage,  on  account  of  the  increased  weight  of  the  rope,  and  the  tendency  to 
render  the  counterbalance  less  eifective  by  the  increased  depth.  For  instance,  a  balance 
with  equal  weights  is  poised  on  common  levels,  but  if  the  weight  on  one  side  is  lower 
than  that  on  the  other,  the  lowest  side  will  always  be  the  heaviest  in  effect,  though  of 
the  same  weight  really :  fifteen  ounces  may  counterpoise  a  pound  if  the  centre  of  gravity 
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be  not  equal,  and  the  samo  in  relation  to  the  connterbalanee  in  shafts.  The  cara  and 
the  cages  maj  be  of  equal  weight,  but,  one  side  being  1000  feet  lower  than  the  other, 
thej  will  not  be  equal  in  effectiTO  weight,  eren  though  the  additional  weight  of  the 
rope  be  added  to  the  upper  side.  The  difference  may  not  be  great;  still  it  adda  to  tlM 
load  at  starting,  which  is  the  most  trjing  point  to  the  engine. 

We  will  make  our  calculations,  however,  without  reference  to  the  unequal  poise,  and 
ostimate  the  weight  of  oars  and  cages  as  equal,  and,  therefore,  as  counterbalanced.  In 
shafts  of  great  depth  it  seems  proper  to  raise  as  much  coal  as  practicable  at  once: 
tlierefore  we  calculate  cars  of  4  tons  as  the  mosimum ;  but  the  size  of  the  cai-s  must 
depend  on  the  size  and  dip  of  the  seam.  If  the  seam  is  small,  large  cars  cannot  be 
used;  if  the  dip  is  considerable,  yet  not  steep  enough  to  run,  it  would  not  be  convft- 
uient  to  take  large  cars  into  the  breasis  or  chambers.  The  size  of  the  car,  and  the 
amount  of  coal  to  be  rais'ed  each  time  through  the  shaft,  depend  on  these  conditions. 
A  capacity  of  four  tons  may  be  considered  a  maximum,  and  one  ton  a  minimum,  for  a 

The  load  in  a  shaft  1000  feet  deep,  provided  the  amount  of  coal  be  four  tons,  may  be 
estimated  at  25,000  pounds;  viz.:  coal  8960  pounds,  car  and  cage  8900  pounds,  and  a 
rope  of  2  inches  diameter,  weighing  7.0G  pounds  to  the  fool, — 7050  pounds, — giving  a 
total  weight  of  nearly  25,000  pounds  to  be  lifted  by  the  rope.  But  the  load  on  the 
engine  is  only  the  coal  and  the  rope,  if  wo  suppose  the  car  and  cage  to  be  in  equipose: 
therefore  the  load  which  the  engines  have  to  start  from  the  bottom  of  the  shaft  ii 
16,000  pounds,  in  the  middle  of  the  shaft  89G0,  and  at  the  top  of  the  shaft  only  1918 
pounds.  A  single  engine  of  200  horse-power,  running  at  20  revolutions  per  minute, 
mould  have  enough  to  do  in  starting  such  a  load  and  raising  it  at  the  rate  of  500  feel 
per  minute;  but  two  100  horse-power  connected  engines,  running  at  40  revolutions 
per  minute,  would  do  the  work  with  ease. 

In  order  to  equalize  the  load,  and  give,  consequently,  additional  power  to  tiie  engines, 
flat  ropes,  winding  on  narrow  drums,  increasing  the  raising  drum  and  decreasing  tha 
descending  drum,  are  the  best  means.  The  great  difference  between  the  power  re- 
quired to  start  the  load  from  the  bottom,  or  that  required  from  the  middle  up,  is 
evident.  Two  fifty  horse-power  engines  would  be  more  effective  with  flat  ropes  and 
narrow  increasing  and  decreasing  drums  than  two  one  hundred  horse-powers  with  the 
round  and  common  stationary  drum  would  be. 

The  same  thing,  however,  may  bo  accomplished  by  cone  drums,  having  grooves  in 
■which  the  rope  must  wind  in  the  form  of  a  screw,  increasing  in  diameter  on  the  raising 
Bide  and  decreasing  in  diameter  on  the  descending  side.  Thus,  the  rope  might  start  to 
raise  the  load  on  a  sis-feet  drum  and  land  it  on  a  twelve-feet  drum.  The  objection  to 
this  mode  is  the  siae  of  the  rope  which  must  be  used  to  rsuse  the  load  required,  and  the 
amall  dimensions  of  the  drum,  A  two-inch  wire  rope  should  not  be  wound  on  a  drum 
of  less  than  12  feet,  particularly  on  starting  with  25,000  pounds  weight :  consequenUy, 
to  use  the  cone  drums  effectively,  the  starting  or  smallest  diameter  should  be  12  feel, 
and  the  largest  diameter  24  tf^t,  which  WDuld  I  e  ].onlerous  and  costly  But  by  the 
other  mode,  using  flat  r  jes  and  narrow  drums  with  the  rope  w  ndmg  on  itself,  this 
objection  would  not  esist  The  decrease  in  the  size  of  thp  rojes  allows  of  a  corre- 
Bponding  decrease  in  the  liameter  of  the  Irums  If  the  load  i'  started  on  a  drum  7 
feut  in  diameter  insteid  f  cue  12  feet  d  ametL,r  with  the  sime  prDp  rti  ns  of  pinions 
or  leverage,  the  power  to  do  the  w  rk  is  proportionately  increased  but  in  addition  to 
this  advantage,  the  counterbalance  is  increased  m  neai'Iy  equal  ratio,  since  the  drum  is 
over  ten  feet  in  diameter  on  the  descending  to  seven  feet  on  the  ascending  side,  and  the 
balance  in  favor  of  the  load  is  correspondingly  increased.  The  descending  car  and 
cage,  weighing  8960  pounds,  hang  5  feet  from  the  centre  of  the  drum,  while  the 
ascending  load  of  25,000  pounds  hangs  only  3  J  feet  from  its  centre :  this  would  ii 
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the  descending  weight  as  a  counterbalance  by  miiking  it  equal  to  11,684  pounds,  and 
the  ascending  load  lo  be  lifted  by  the  engine  would  be  13,352  pounds.  Of  course  some- 
thing must  be  allowed  for  friction,  and  the  loss  of  equilibrium  effected  through  a  set 
of  ponderous  machinery;  but  the  above  calculation  is  nearly  correct;  and  hence  wo 
gain  by  this  mode  of  constructing  drums  and  connecting  engines  over  the  old  mode  of 
single  engines  and  stationary  drums  not  only  in  first  cost,  but  in  effectiyencss  of  ma- 
chinery and  in  durability  of  both  ropes  and  machinery. 

EOS  CAGES. 

There  is  another  mode  of  raising  coal  from  deep' shafts,  that  may  be  commendabie  in 
some  cases.  The  plan  is  to  dispense  wilh  cars  and  cages  in  shafts  and  substitute  for 
them  a  simple  bos  of  boiler-plate,  which  may  hold  five  tons,  more  or  less.  This  boa 
does  not  leave  the  shaft,  but  the  coal  is  dumped  from  the  cars  into  the  bos  at  the  bot- 
tom of  the  shaft,  and  on  arriving  at  the  top  tlie  box  is  emptied  by  a  contrivance  into  the 
shntesof  the  breaker.  This  mode  may  be  advantageous  where  deep  shafts  are  sunk  on 
small  seams  and  where  largo  cars  cannot  be  made  use  of.  In  seams  of  from  four  to  sis 
feet,  cars  which  carry  more  than  from  one  to  two  tons  of  coal  cannot  be  made  use  of, 
and  where  the  dips  of  seams  are  over  20"  large  cars  cannot  be  conveniently  used : 
therefore  in  such  cases  the  box  cages  may  be  available,  and  jv  much  greater  amount  of 
coal  raised  than  could  be  done  in  one  shaft  if  the  cars  were  raised  with  the  coal.  The 
difference  in  weight  on  the  engine  would  not  lie  materially  altered,  but  the  load  to  bo 
carried  by  the  rope  would  l>e  much  less. 

The  box  would  not  weigh  more  than  one  ton,  or  wilifour  tons  of  coal  11,200  pounds; 
consequently,  the  size  of  the  rope  would  be  decreased  from  two  inches  to  ono  and  a  half 
inch  diameter,  the  weight  of  which  is  about  four  pounds  to  the  foot,  or  4000  pounds  to 
the  1000  feet,  instead  of  7000  pounds:  the  weight,  therefore,  to  be  lifted-by  the  rope  is 
15,200  pounds  instead  of  25,000,  as  when  the  car  and  cage  are  lifted  with  (he  coal,  and 
the  load  on  the  engines  12,960  pounds  instead  of  10,000  pounds. 

A  smaller  shaft  can  also  be  made  to  answer  the  pm'pose,  in  case  the  boxes  ai'e  used 
in  place  of  the  cars  and  cages,  since  the  former  would  occupy  one-half  less  space  than 
the  latter.    This  mode  is  in  use  at  the  Pioneer  colliery  at  Ashlaud. 

PNEUMATIC   MACHINERY. 

Perhaps  the  moat  simple,  economical,  and  safe  mode  of  raising  coal  or  water  from 
deep  mines  is  the  pneumatic  process,  or  by  the  use  of  compressed  air.  Vfe  think  the 
first  cost  of  establishing  this  process  would  not  be  much  greater  than  the  modes  now 
in  use ;  while  the  constant  operation  tliereafter  would  be  permanent  and  cheap. 

The  mode  consists  in  laying  two  air-tight  tubes  down  the  main  slope  or  shaft,  of  a 
she  sufficient  to  receive  the  cars  or  boxes  designed  to  carry  the  coal.  If  boxes  are  used, 
the  size  of  the  tubes  may  be  small, — say  five  feet  in  diameter;  but  if  cars  are  used  they 
could  not  well  be  less  than  six  feet  in  diameter,  in  slopes  where  the  ears  ascend  end 
and  end ;  in  shafts  where  the  oars  go  up  as  tliey  stand,  the  tubes  should  be  five  by  ten. 

Boxes  are  to  be  preferred  for  several  reasons  in  pneumatic  tubes,  since  they  require 
much  less  space,  and  the  load  to  be  lifted  is  reduced  by  the  weight  of  the  car,  or  two 
Ions.  If  a  tube  of  five  feet  diameter  be  used,  the  area  is  25  square  feet,  or  3600  square 
inches:  this,  at  a  pressure  of  five  pounds  to  the  square  inch,  will  lift  a  weight  of  18,000 
pounds.  In  order  to  obtain  the  pressure,  two  blowing-cylinders  of  a  capacity  of  2S0 
cubic  feet,  to  be  run  at  25  revolutions  or  25  double  strokes  per  minute,  and  at  seven  or 
eight  pounds  pressure — say  7}  pounds — per  square  inch,  are  erected  on  the  surface,  and 
two  direct-acting  higli-pressure  steam-engines  of  30-inch  cylinder  are  placed  perpendiou- 
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larly  below  fhem,  so  that  the  pistons  of  the  enginea  connect  with  the  pistons  of  the 
blowing-cylinders.  This  will  give  2J  pounda  per  square  inch  eseesa  of  air  for  osoapo 
and  contingencies. 

Thus  prepared,  the  cages  may  be  made  of  sufficient  size  to  carry  five  tons  of  coal  and 
three  tons  of  water,  leaving  a  surplus  of  900  pounda  to  operate  in  favor  of  balancing 
the  boxes,  which  are  connected  by  a  small  ropo  capable  of  suspending  the  empty  cage 
from  a  pulley  over  the  tubes.  At  25  revolutions  per  minute,  tho  blowing-cylinders  will 
produce  a  third  more  compressed  air  than  is  necessary,  by  computation,  to  raise  this 
amount  of  coal  and  water  1000  feet  high  every  minute. 

This  power  will  raise  1000  tons  of  coal  in  ten  hours  with  perfect  eaae, — giving  three 
minutes  time  to  each  load,  or  one  minute  for  loading,  one  for  ascending,  and  one  for 
unloading, — and  600  tons  of  water.  While  the  box  is  standing  the  air  is  accumulating, 
ftnd  therefore  compressed  ready  for  instantly  throwing  up  the  boxes  from  the  bottom  of 
the  mine.  In  case  larger  tubes  are  used,  larger  loads  may  bo  raised  with  tho  same 
pressure  per  square  inch,  or  the  same  load  with  less  proaaure.  The  water-boxes  are 
suspended  beneath  the  coal-boxea,  and  fill  themselves  from  the  "sump"  while  the  coal 
is  being  loaded  into  the  ooal-bosea  at  the  bottom  of  the  shaft  or  mine,  and  the  water  is 
discharged  on  the  top  at  the  same  time  the  coal  is  being  unloaded. 

The  whole  operation  is  simple,  and  governed  by  valves :  there  arc  no  pumps  or  chaina 
or  heavy  ropes  required,  and  a  serious  accident  is  impossible.  We  do  not  think  the  first 
coat  of  erecting  machinery  of  this  character  can  be  greater  than  that  of  the  machinery 
now  in  use,  since  the  power  of  the  engines  would  be  one-half  less  than  that  of  the 
hoisting-  and  pumping-enginos  required  to  do  the  same  work  at  tho  same  depth ;  and, 
although  the  tubing  would  be  expensive,  there  would  bo  no  outlay  for  pumps,  cods,  and 
timbers,  since  they  would  not  be  required. 

SAFETY-CAGES,  TRAVELLING-EODS,  ETC. 

We  have  not  faith  enough  in  safety-cagea  to  try  the  adventure  of  descending  on 
them  if  any  other  means  are  presented,  and  we  cannot  recommend  any  invention  of  the 
kind  as  safe  enough  to  risk  tho  lives  of  the  workmen  on.  It  ia  possible,  with  proper 
care  and  watchfulness,  to  make  several  contrivances  reasonably  safe ;  but  generally 
when  an  accident  happens  they  are  found  out  of  order.  The  "drag"  in  slopes,  and 
the  heavy  falling  bars  without  springs  in  shafts,  are  perhapa  the  most  reliable,  when 
properly  made  and  attached ;  but  these  safety  arrangemaita  should  be  designed  rather  to 
save  property  than  to  save  life.  The  workmen  should  not  be  allowed  to  ride  up  on  the 
loaded  coal  cars  or  cages  under  any  consideration,  since  the  danger  ia  imminent  even 
when  every  care  and  precaution  is  taken.  If  there  may  not  be  a  convenient  travelling 
way  into  the  mine,  a  mode  should  be  provided  for  their  entrance  and  esit;  and  the  most 
simple  and  economical  ia  to  attach  platforms  to  the  pump-rods.  If  a  single  rod  ia  used, 
the  platforms  are  placed  at  intervals  equal  to  the  stroke  of  the  pump,  with  corresponding 
stationary  platforms  on  the  side  of  the  shaft.  The  workman  steps  on  the  upper  platform 
on  the  rods  and  descends  to  the  neit  stationary  one,  upon  which  he  steps  and  remains  for 
the  return  of  the  stroke,  and  then  steps  on  the  second  platform  on  the  rods  and  descends 
to  the  second  stationary  one.  This  proeeas  is  continued  to  the  bottom  of  the  mine.  If 
the  pump  makes  five  strokes  per  minute  and  ten  feet  to  the  stroke,  he  descends  at  the 
rate  of  50  feet  per  minute,  or  1000  feet  in  20  minutes. 

PDMPING-MACHINERY. 

The  drainage  of  deep  mines  is  a  question  of  equal  importance  with  any  other  con- 
sideration ia  mining  matters.     To  deliver  100  or  1000  gallons  of  water  per  minute  from 
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ft  depth  of  100  or  lOOO  feet  requires  not  only  powerful  machinery,  but  relialile  and 
durable  fixtures.  If  we  take  500  gallons  per  minute  as  the  masirauni  production  of  oui 
deep  mines,  and  SOO  feet  as  their  maximum  depth,  we  still  tind  that  the  amount  of  water 
discharged  per  day,  and  the  weight  of  the  column  to  be  lifted,  are  enormous,  An  im- 
perial gallon  -weighs  over  12  pounds,  and  a  column  to  discharge  500  gallons  per  minuta 
should  be  20  inches  in  diameter ;  the  amount  discharged  in  24  hours  would  be  720,0ttl 
gallons,  or  3200  tons,  and  the  column  to  be  lifted  by  the  engine  not  less  than  30  ions  50 
feet  high  per  minute.  By  geared  motion,  working  the  engine  to  its  maximum  speed, 
this  may  bo  done  by  130  horse-power.  But  the  great  weight  of  the  load  necessitates 
massive  machinery  and  numerous  connections  in  order  to  reduce  the  speed  to  the  slow 
movements  of  so  largo  a  pump ;  consequently,  direct  action  is  to  be  preferred  to  geared 
motion,  by  connecting  the  piston  of  the  steam-cylinder  with  the  pump-rod  and  making 
the  stroke  of  cylinder  and  pump  equal.  To  effect  this,  a  cylinder  should  not  be  less  than 
50  inches  in  diameter,  where  steam  of  40  pounds  pressure  per  square  inch  is  used,  in 
order  that  a  surplus  of  power  may  be  provided.  A  cylinder  of  this  size, — ten  feet  stroke, 
^-at  five  strokes  per  minute,  would  require  per  minute  about  680  cubic  feet  of  dense 
steam  of  a  common  pressure  of  40  pounds  per  square  inch ;  and  a  common  geared  engine 
of  30-inch  cylinder,  working  at  20  revolutions  per  minute,  would  require  per  minute  750 
oubio  feet  of  steam  of  the  same  density  to  do  the  same  work.  Thus,  when  slow  motion  is 
required  to  lift  heavy  weights,  the  more  directly  the  steam  can  act  the  more  economical 
will  be  the  expenditure  of  power ;  but,  as  noticed  in  connection  with  the  hoisting  of  coal, 
where  great  speed  is  required  the  reverse  is  the  best  economy. 

In  the  instance  here  given  of  a  drainage  of  500  gallons  per  minute,  we  exceed  the 
general  masimum  drainage  of  mines  in  this  country,  but  are  below  that  of  the  deep  mines 
of  England.  The  size  of  the  pump  given,  however,  we  conader  the  largest  that  should 
be  used,  or  the  largest  that  can  be  used  with  economy  at  great  depth.  An  unbroken 
column  of  five  hundred  feet  in  length  is  double  the  perpendicular  height  at  which  a 
pump  can  be  properly  worked,  since  the  pressure  per  square  inch  on  the  valves  and 
working  parts  should  never  exceed  one  hundred  pounds  per  square  inch.  Two  hundred 
feet  is  perhaps  the  most  economical  and  effective  height. 

Water  weighs  02.5  pounds  to  the  cubic  foot ;  a  column  of  water  34  inches  in  perpeiv- 
dioular  height  is  equal  to  the  atmospheric  pressure, — 14.7  pounds  per  square  inch. 

The  Cornish  pumps  are  acknowledged  the  best  or  mostavailablefor  mining  purposes; 
and  the  Comisli  miners,  having  the  most  practical  experience,  have  also  had  the  most 
inducement  to  direct  their  experience  and  ingenuity  to  the  economy  of  drainage,  since 
their  mines  are  deep  and  extensive  and  their  fuel  is  costly.  Their  pumping  arrange- 
ments are,  therefore,  the  most  perfect  known.  At  the  Consolidated  Mines,  which  are 
1500  feet  deep,  from  2600  to  3000  gallons  of  water  are  raised  1200  feet  high  per  minute; 
4000  horse-power  is  provided,  and  about  half  the  power  is  constantly  at  wort  The 
whole  number  of  engines  is  nine.  The  average  duty  of  the  Cornish  pumpmg-engines  is 
about  50,000,000  pounds  of  wafer  lifted  one  foot  high  by  the  consumption  of  one  bushel, 
or  80  pounds,  of  coal;  which  b  about  equal  to  800  tons,  or  179,200  gallons,  lifted  500 
feet  high  by  the  consumption  of  one  ton  of  coal.  This  is  double  the  duty  of  our  best 
Bull  en^nes,  and  three  times  the  production  of  our  geared  pumping-engines. 

But,  taking  into  account  the  simplicity  of  the  "Bull  engine,"  the  reduction  in  first 
cost,  and  its  permanent  and  reliable  character,  with  the  abundance  and  cheapness  of  our 
coal,  we  consider  the  high-pressure  Bull  engines  superior  to  the  condensing  engines  as 
pumpiug-machinery  for  our  anthracite  mines. 

The  BuU  engine  is  a  simple  cylinder,  whose  piston  connects  directly  with  the  pump- 
rod.  If  used  at  a  shaft,  the  cylinder  should  be  directly  over  the  column  of  pipes ;  but  if 
at  a  slope,  the  cylinder  is  set  with  the  dip  of  the  seam  or  tho  angle  of  the  rods.  In  some 
cases  this  mode  of  connection  is  not  convenient,  and  the  ordinary  connecting  rods  and 
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"bob"  are  used;  but,  if  possible,  all  indirect  connection  should  be  avoided.  The  steam 
is  used  direct  to  lift  the  rods,  and  the  pressure  on  the  piston  must  be  equal  to  or  grenti^r 
than  their  weight,  in  order  to  raise  them;  and  the  rods  must  be  equal  to  or  greater 
than  the  weight  of  the  column  of  water  in  the  pipes,  since  the  weight  of  the  rods  re- 
turning forces  up  the  water ;  that  is,  tlie  engine  simply  lifts  the  rods,  and  the  weight 
of  the  rode  lifts  the  water. 

There  is  another  effectiye  mode  for  pumping  water  from  deep  mines,  and  that  is,  the 
direct  use  of  steam  in  both  lifting  and  forcing  water,  by  which  the  same  column  of  pumps 
oan  be  made  to  throw  double  the  quantity  of  water  now  produced.  There  would  be  but 
slight  difference  in  the  construction  of  the  pump,  and  no  more  liability  to  derangement. 

There  is  not,  generally,  more  economy  in  this  double-acting  mode  than  in  the  single- 
plunger  pump,  aa  far  as  the  operation  is  concerned ;  the  first  cost  may  be  reduced,  but 
the  chief  benefit  to  be  derired  is  in  deep  shafts  where  two  columns  of  pumps  cannot  be 
used,  and  where  a  single  column  is  not  sufficient  to  drain  the  mine.  In  this  case,  the 
single  column  may  be  made  to  discharge  adoublequantitjof  water  by  the  simple  change 
of  the  working  barrel.  We  have  not  seen  this  mode  in  use  at  our  mines,  but  have  fre- 
quently witnessed  its  operation  in  equally  trying  positions,  and  can  fully  recommend  it 
in  all  such  cases  as  above  described. 

If  a  mine  produces  50O  gallons  of  water  per  minute,  or  even  considerably  less,  it  is 
bad  policy  to  trust  its  drainage  to  a  single  pump  of  500  gallons  capacity  per  mmutc. 
All  mining  machinery,  no  matter  how  perfect,  is  liable  to  accident  from  various  causes, 
and  a  few  days' delay  is  sufficient  to  drown  the  mine;  when  the  pump  is  just  capable  of 
keeping  tie  water  down,  anj  accumulation  or  delay  may  overpower  its  capacity.  It  is 
not  safe  to  trust  the  drainage  of  a  deep  and  extensive  mine  to  less  than  double  the 
pumping  capacity  actually  required  to  keep  down  the  water.  Nor  is  it  safe,  even  with 
double  the  pumping  capacity,  to  trust  it  all  (o  a  single  engine  or  a  single  pump.  It 
would  be  more  economy  to  erect  two  moderate-siaed  pumps  in  each  mine  that  is  de- 
signed to  be  extensive,  tiian  one  very  large  pump.  This,  we  think,  almost  any  practical 
engineer  or  "sump-man"  will  endorse. 

The  breaking  of  clack-pieces,  and  the  bursting  of  pipes,  are  of  frequent  o 
where  the  column  is  of  great  perpendicular  height,  and  our  mechanics  and  e 
iiave  a  habit  of  strefchinff  the  lift,  and  frequently  make  one  lift  do  when  two  lifts  are 
almost  indispensable.  When  we  consider  t)ie  pressure  that  lies  on  the  valves  and  pipes 
even  at  tlie  depth  of  300  feet,— which  is  one-third  more  than  can  be  recommended,— we 
can  imagine  the  liability  to  derangement  and  fracture ;  but  the  full  estent  of  the 
pressure  that  occasionally  happens  can  be  fully  realized  only  by  those  who  have  seen 
the  bursting  of  clack-pieces  the  dimensions  and  strength  of  which,  by  calculation, 
would  bear  perhaps  ten  times  the  pressure  of  the  column.  In  working  heavy  punips,  or, 
in  fact,  any  mine-pump,  it  is  almost  impossible  to  guard  against  the  "water-hammer," 
or  the  accumulation  of  air  beneath  the  plunger;  and  sometimes  a  vacuum  is  created 
between  the  plunger  and  the  water  by  the  strangulation  of  the  valves,  or  the  "wind- 
bore."  The  consequence  of  this  is  the  sudden  and  violent  fall  of  the  plunger,  and  of 
the  immense  weight  of  the  rods,  with  full  force  on  the  water.  The  force  of  such  a  blow 
cannot  be  estimated  except  by  its  effects. 

But  both  these  difficulties  may  be  obviated  by  a  little  care  and  ingenuity.  A  float 
ill  the  sump,  with  a  wire  and  bell,  will  always  give  warning  when  the  water  becomes 
low,  and  a  colnmn  of  gas-pipe  from  the  working  barrel  will  always  allow  the  escape  of 
air,  or  obviate  the  danger  from  the  "water-hammer." 

In  addition  to  the  danger  from  accidents,  there  is  alwajs  a  liability  to  a  sudden  in- 
crease of  water, — sometimes  from  subterranean  fissures  containing  pent-up  reservoirs, 
and  sometimes  from  springs  which  may  be  cut  by  the  advancing  works;  but  more 
frequently  from  sudden   floi>Js  or  long-tontmuod  rains,  and   the  "caving  in"  of.  old 
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workings,  which  open  channels  for  the  admission  of  the  torrents  pouring  from  the 
mountain-sides  under  such  circumstances. 

It  is,  therefore,  best,  safest,  and  most  economical,  eventually,  to  have  not  only  douhle 
jumping  capacity,  hut  two  independent  pumps  each  more  than  capable  of  draining  the 

The  plunger  pump  is  the  only  really  reliable  one  for  deep  mines  and  heavy  pumps, — 
particularly  where  the  acids  of  the  water  haTe  an  injurious  effect  on  iron,  which  is 
generally  the  case  in  coal-mines,  whoro  the  decomposition  of  the  iron  pyrites  frequently 
renders  the  wafflr  so  destructive  to  iron  that  even  cast  plungers  cannot  be  successfully 
used  in  pumps.  We  have  seen,  in  such  cases,  a  bar  of  iron  two  inches  wide  and  three- 
eighths  thick  cut  through  by  mine-water  in  two  weeks.  Copper,  glaaa,  and  wood  are 
resorted  to  in  such  cases;  but,  generally,  cast-iron  plungers,  if  kept  well  greased  and 
packed,  are  the  most  available. 

In  sinking  mInM,  slopes,  or  shafts,  where  the  water  must  be  sucked  from  the  bottom 
of  the  pit,  and,  consequently,  is  accompanied  by  air  and  gravel  thee  mm  oljingpump 
is  the  only  reliable  one,  and  we  do  not  think  a  better  can  be  le  gned  f  r  tl  e  purpose. 
A  great  many  new  pumps  have  been  invented  of  late  years  and  s  me  f  them  are 
admirable  for  certain  uses;  but,  though  wo  have  ]  ersonallj  exara  ned  most  of  them, 
we  do  not  find  any  that  can  take  the  place  of  the  old  C  rni..h  1  ft  ng  p  mp  for  sinking 
r  of  the  plunger  pump  as  a  permanent  flst  re  The  donkey  p  n  p  d  engine 
d  is  very  available  under  certain  circumstances,  or  where  steam  can  be  taken  down 
e  without  loss  by  condensation,  andwhere  heary  lifts  do  not  occur;  but  the 
:e  of  additional  valves,  and  the  necessity  for  frequent  stoppages  to  change  the 
claoks  and  pack  the  pistons,  render  these  pumps  unreliable  generally  for  mining  purposes. 

TABLES  AND   RULES   FOR   DISCOVERING   THE   CAPACITIES   OF   ENGINES 

AND   PUMPS. 

The  following  is  an  old  rule  for  obtaining  the  power  of  condensing  engines: — 

Square  the  diameter  of  the  cylinder  and  multiply  the  sum  by  .7854,  the  product  by 

10,  and  the  whole  product  by  144,  which  will  show  the  number  of  pounds  the  engine 

will  lift  one  foot  high  in  a  minute.     Divide  the  number  of  pounds  by  33,000,  and  the 

result  will  bo  the  horse-power.     In  the  above  calculation,  the  pressure  per  square  inch  is 

estimated  at  10,  independent  of  friction,  with  9  revolutions  per  minute  and  8  feet  stroke. 

The  example  is  thus; — 

What  is  the  power  of  a  steam-engine  the  cylinder  of  which  is  50  inches  in  diameter, 
and  the  stroke  8  feet? 

50  X  50  =  2500 

.7854 

1963.5000 

10 


33000)3727440.0000(82,344  J 
264000 


1440 

2,727,440  pounds  lifted  one  foot  high  per  minute,  equal  82  horse-power,  with  a  frao- 

A  better  rule  for  estimating  tho  nominal  horse-poyer  of  a  condensing  engine  of  a 
eonsiant  uniform  pressure  of  seven  pounds  per  square  inch  is  thus: — 
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Square  the  diameter  of  the  cylinder  in  inches,  and  multiply  ty  the  cube  root  of  tie 
stroko  in  feet,  and  the  result  by  .0213 ;  the  product  ia  the  nominal  horse-power. 

What  is  the  power  of  an  engine  with  30  inch  cylinder  and  6  feet  stroke? 

30'  =  900  and  V  =  1-81'?:  hence  900  +  1817  X  -0213  =  34.8  horse-power. 

The  effective  power  of  any  engine  may  he  obtained  by  this  rule:— 

Find  the  area  of  the  piston  in  inches,  and  multiply  the  same  by  the  uniform  pressure 
of  the  steam  in  pounds  per  square  inch,  and  the  result  by  the  yelo«itj  of  the  piston  in 
feet  per  minut*.  Deduct  2J  pounds  per  square  inch  for  friction,  and  divide  the  re- 
mainder by  33,000:  the  quotient  is  the  effeotive  horse-power. 

Example. 
What  is  the  effectiTe  power  of  an  engine  whose  cylinder  is  40  inches  in  diameter,  the 
piston's  velocity  200  feet  per  minute,  and  tbo  pressure  40  pounds  per  square  inch? 
40'  X  -7854  =  1256.64  inches  area  and  40  pounds  pressure. 
1256.64  X  40  X  200  =  10049982,  with  friction  deducted  = 
33000)10049982(304i  horse-power. 
Having  a  certMn  amount  of  work  to  accomplish,  or  a  certain  load  to  lift,  required  the 
power  to  lift  it  at  a  certjwn  rate  per  minute. 

Rule.— Reduce  the  weight  to  be  lifted  to  pounds,  multiply  by  the  feet  through 
which  the  load  is  to  be  lifted  per  minute,  and  divide  by  33,000:  the  quotient  gives  the 
horse-power  required. 

Example. 
Required  the  power  to  lift  5  tons  500  feet  per  minute. 

2240  lbs.  X  5  =  11200  lbs.  X  500  =  33000)5600000(169.03  horse-poWer. 

HOUSE-POWER. 

By  nnmerous  experiments  it  has  been  found  that  one  horse  equals  the  strength  of 
seven  strong  men,  and  also  that  a  horse  of  common  size  and  strength,  working  8  hours 
per  day,  will  not  exert  a  greater  power  than  23,412  pounds  lifted  one  foot  per  minute; 
if  worked  only  6  hours  per  day,  24,360  pounds;  if  3  hours  per  day,  32,943  pounds 
can  be  lifted  one  foot  per  minute.  It  will  be  seen  that  Mr.  Watt's  liberal  estimate  for 
his  steam-engines  is  fully  double  the  power  eserted  by  a  horse  working  a  full  day. 

One  cubic  inch  of  water  evaporated  under  the  atmospheric  pressure  is  converted  into 
a  cubic  foot  of  steam. 

The  same  amount  of  water  evaporated  under  the  atmospheric  pressure  gives  a  me- 
chanical force  eqnaltoone  ton  raised  one  foot  per  minute;  or  steam  at  a  preasure  of 
40  pounds  per  square  inch  and  261°  of  temperature  exerts  the  same  force.  To  develop 
one  horse-power  per  minute  will,  therefore,  require  the  evaporation  of  15  cubic  inches 
of  water,  or  900  cubic  inches  per  hour.  If  the  friction  of  the  machinery,  or  the  power 
required  to  move  the  engine,  be  2i  per  cent,  of  the  power  developed,  wo  must,  of  course, 
add  that  amount  to  the  amount  of  water  required. 

The  capacity  of  boilers  should  not  be  less  than  25  cubic  feet  for  steam  and  water,  with 
9  square  feet  of  heating  surface,  and  1  square  foot  of  furnace  space  for  every  nominal 
horse-power;  and,  as  before  explained,  when  coal  is  plentiful  and  cheap,  one-third  fo 
one-half  more  boiler  surface  may  be  used  with  economy  with  high-speed  engines. 

Under  favorable  conditions,  about  33  cubic  feet  of  steam  should  be  generated  per 
minute,  or  one  cubic  foot  of  water  evaporated  per  hour,  for  each  horse-power;  or  one 
pound  of  coal  should  evaporate  eight  pounds  of  water. 
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One  hundred  parts  of  pure  air  contain,  bj  weiglit,  75.55  nitrogen,  23.32  oxygen,  and 
1.3  carbonic  acid.  The  procure  of  the  atmusphei'e  equals  a  column  of  water  34  feet  in 
height,  a  column  of  mercury  30  inches  in  height,  or  14.7  pounds  per  square  inch  at  a 
mean  temperature.  The  resistance  of  air  increases  as  the  (square  of  the  Telocity,  and 
the  resistance  per  square  foot  as  the  velocity  multiplied  by  00.2288. 


TABLE 
a  Cylinder  or  CiTcUfroi 


10  to  73  Inches  m  Diameter. 


1 

Square 

1 

aqnivrs 

1 

S^ 

1 

InS 

1 

i 

I  Cb«3. 

1 

10 

78  54 

26 

530.93 

42 

1388.59 

58 

2642.00 

11 

05  08 

27 

572.51 

43 

1452.20 

2734.00 

12 

11310 

28 

615.75 

44 

1520.58 

60 

13 

182  7^ 

P60.20 

45 

1590.48 

61 

2922.47 

14 

158  94 

80 

70li.86 

40 

1661.91 

62 

8019.00 

1-5 

17b  71 

31 

754.77 

47 

1735.00 

63 

8117.25 

16 

20106 

804.25 

1800.56 

64 

3217.00 

IT 

226  98 

855.30 

49 

18G5.74 

65 

8818.31 

13 

254  47 

34 

907.02 

60 

1963.50 

66 

8421.20 

19 

35 

Ofi2.00 

51 

2042.82 

67 

3526.06 

20 

81411) 

1017.88 

52 

2123.72 

8651.09 

21 

340  30 

37 

1075.20 

53 

2206.19 

3739.29 

88013 

88 

1184.00 

54 

2290.28 

70 

3848.46 

415  47 

89 

IIW.GO 

55 

2375.83 

71 

3959.20 

U 

452  39 

40 

l'>50.64 

50 

2403.00 

72 

4071.51 

25 

490  88 

41 

1120,26 

57 

2651.76 

73 

4185.10 

TABLE 
0/  the  Sj^pamicn  if  A  i- by  mut,  that  at  32°  Fahrenheit  heing  1. 


Fah.  , 

Yolume. 

Mb. 

yo,™. 

Fah. 

.volume. 

^.5" 

1007 

85» 

IlJl 

170° 

1205 

40 

1021 

90 

1132 

180 

1315 

95 

1142 

ITO 

1334 

50 

1048 

100 

1152 

200 

1864 

55 

1055 

110 

1173 

;^io 

1372 

120 

1194 

212 

1876 

65 

1077 

110 

1216 

Mi 

1668 

70 

108'! 

140 

1235 

392 

1789 

1099 

150 

1255 

482 

1919 

80 

1110 

IbO 

1275 

572 

iOQ8 

1  cuTjic  inch  wei 'hf 
12  cul>ic  inches  n  pigh 

1  cubic  foot  weighs 
35.84  cubic  feet  weigh 

1  cubic  foot  of  sea  wi 
34.9  cubic  feet  of 

I  cubic  foot 

1  cylindrical  fool 
12  imperial  gallon 


weighs 
water  ireigh 


b  25  imp.  galls. 
J  imiJ.  galls. 
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224  imperial  gallons  we igli ^  toi' 

45.64  cylindrical  inoliC3  waigh 1  t""- 

13  cylindrical  iaahes  weigh 341  pounds. 

1  ojliudriottl  foot  weighs 49.1  pounds. 

TABLE 

Shoicing  the  Weight,  Wine  Gallons;  and  Cubic  Feet  of  Water  contained  in  six  feet  of  Pamp  from, 

four  to  ticenty-iiiches  t'n  dianiBter. 

IFrom  Bndgo's  PrMlieal  Miofr'a  Onlde.) 


■o 

IS 

a 

Weight 

w. 

aMeaa 

■~ 

r'^i? 

1' 

Wdghl. 

Win 

e  Measure. 

s? 

Inchi,. 

Lbs. 

r^yfo. 

PH. 

Ret. 

b^,. 

Lbs. 

Gils. 

9ts. 

Pts. 

M^t. 

4 

32.75 

a 

H 

1 

0.533 

306.95 

86 

•A 

4.910 

36.95 

4 

1 

1 

.591 

319.60 

AH 

1 

0 

5.113 

? 

4 

K 

.662 

332.51 

39 

1 

5.319 

46.15 

ft 

a 

0^ 

.738 

13 

345.68 

41 

1 

5,630 

51.14 

0 

1 

.818 

859.10 

42 

6.745 

6 

K 

0 

.902 

373.78 

44 

1 

5 
6 

61.87 

7 

1 

u 

.989 

386.72 

46 

I 

6,187 

67.63 

K 

0 

1.082 

14 

400.90 

48 

0 

0 

6.414 

73.63 

H 

» 

1.178 

415.36 

49 

1 

6.645 

6i 

79.90 

9 

•A 

0 

1.278 

14 

430.00 

f>t 

1 

1 

6.880 

P 

86.42 

10 

(> 

1.382 

14 

445.00 

.-^-i 

0 

7.119 

98.20 

II 

0 

0 

1.491 

15 

460.28 

55 

tl 

7.363 

100.23 

V: 

0 

0 

15 

476.69 

m 

H 

1 

7.610 

V: 

8 

1.720 

15 

491.42 

m 

3 

» 

7.863 

7 

115.00 

IK 

« 

0 

1.840 

15 

507.40 

W) 

a 

1 

8.117 

14 

V. 

1 

1.965 

16 

523.63 

9. 

1 

Ifi 

•': 

1 

2.094 

16 

540.13 

h4 

V, 

1 

8.641 

81 

189.32 

IH 

2 

1 

2.037 

16 

556,87 

66 

V. 

] 

8.909 

147.78 

IV 

3.354 

16 

573.88 

HK 

1 

9.181 

4 

156.60 

IM 

V 

1 

2.505 

17 

591.13 

70 

3 

0 

9.457 

9* 

165.68 

19 

8 

0 

3.650 

17i 

608,65 

T/. 

11 

9.739 

91 

175.00 

W 

8 

t 

2.800 

626.42 

75 

0 

l» 

1O032 

at 

184.60 

W. 

0 

0 

2.954 

17? 

644.67 

vv 

0 

1 

10.310 

n 

194.45 

■^K 

0 

8.110 

662.78 

79 

1 

0 

10.603 

204.54 

^4 

1 

1 

3.272 

18 

681.30 

81 

•'. 

0 

10.899 

10 

214.90 

V.^ 

'^ 

1 

3.438 

18 

700.00 

m 

8 

(1 

11.143 

10 

10 

1) 

0 

8.607 

18 

719.10 

hii 

0 

1 

11.504 

336.87 

H« 

1 

(1 

8.781 

19 

738.40 

1 

1 

11.818 

11 

247.60 

'ffl 

'^ 

1 

3.959 

90 

(1 

12.126 

11 

258.87 

HO 

1 

4.141 

m 

777.78 

-ii; 

II 

1 

12.443 

11 
11 

370.61 

K'^ 

1 

1 

4.327 

797,86 

96 

y 

0 

12.764 

380.40 

3H 

'/ 

1 

4.518 

20 

818,18 

97 

1 

13.090 

13 

294.53 

35 

' 

0 

4.712 

TABLE   OF   SPECIFIC   GRAVITIES. 


..... 

Water  boliig 

Niiniber  of 
Cibiolnche. 
in  a  PoBod. 

Weifiht  of  a 
CnbTo  Inch, 
in  Ponnda. 

PI  f 

19,500 
19,258 
13,660 
11,362 
10,474 

1.417 
1.435 
3.040 
2.435 
2.638 
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TABLE   OP   SPECIFIC   GRAVITIES,— Co ndnHei?. 


Bismuth  .... 
Copper 

Iron,  cast... 
Iron,  bar... 

Slcel 

Tin 


vXVt5; 


7,824 
7,264 
7,700 


WMalit, 

Wstr!rl>Bing 


Marble,  average - 

Granite,  average 

Chalk,  British 

Brick,  oommoQ  red 

Briek,  Welsh  fire 

Tallow,  aterage 

Ice  from  f^sh  water 

Coal,  anthracit« 

Coal,  bituminous 

Coal,  liitaminous,  caking... 

Cual,  canncl 

Coke,  dry 


English  oak 

African  oak 

Riga  oak 

Beach  oak 

Aah  oak 

Mahogany,  Spanish 

Dantiio  01^ 

Maple..'.'.'.'."..'.".'.".*.'.'.'.".."..., 

Teak 

Elm 

Walnut 

Pitch  pine 

Bed  pine 

Mahogany,  Honduras... 

Sycamore 

Lime  tree 

Yellow  pine 

Hemlock 

Cork 

White  pine 


2,720 

70.0 

2,661 

165.6 

2,781 

178.8 

3,160 

185.0 

2,408 

150,5 
60.0 

1,001 
1,526 
1,319 
1,270 
1,272 

53.0 
95.8 
82,4 
79.8 
79,5 

756 

47.0 
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DeiKiiy  of  Gases  as 
CarboniD  acid  gas 
Osygen 

Heavy  earbnretted  hydrogen 
Sitrogeii 
Steam  at  212" 

Light  oarburetfed  hydrogen 
Air  rarefied  by  600°  of  heat 
Hydrogen 


TABLES   OF   THE   WEIGHT  OF   lEON   IN  VARIOUS   MEECHANTABLE   FORMS, 

IN   POUNDS   AND   FRACTIONS. 

Flal  Bar  and  Hoop  Iron, 


Inches. 

3J 

3 

a 

2S 

n 

2 

1* 

li 

li 

1 

# 

1  47 

1  '>fi 

1  15 

105 

0  04 

.84 

73 

.Bit 

.52 

.42 

.81 

■^H1 

•>.  w 

1  4V 

l^fi 

lOfi 

.H4 

.113 

y  Wl 

1  «H 

1  hi 

1  'm 

fi«^ 

1>W 

ACV. 

4  Ml 

S7fl 

a.flfi 

11.94 

a.aa 

MHI 

1  m 

1.2S 

hit 

fiW 

4V« 

4 '.to 

MW 

K  Ih 

'IM 

a,  10 

l.M 

<l»() 

fiW 

MI4 

4  41 

H7K 

H  Ih 

WK 

RSi 

ana 

IM 

R.«1 

fl.KK 

fi.14 

4  41 

«fi7 

^.M 

1 

11.7b 

10.  oa 

y.-ii 

8.40 

V.liti 

6.VSi 

"' 

5.04 

4.ao 



■e  Fool  of  Plate  Iron,  in  Pounds. 


i 

A 

S 

A 

1 

A 

s 

A 

1 

H 

Weight,  in  Poundg 

5 

'1 

10 

i!S 

16 

171 

20 

zaj 

25 

27» 

80 

Table  of  a  Square  Foot  of  Sheet  Itoi 


No.  of  Wire-Gaage 

1 

2 

3 

4 

6 

C 

7 

8 

. 

10 

11 

12.5 

12 

n 

10 

. 

« 

7.5 

7 

6 

6.68 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

n 

4.G2 

4.32 

4 

3.95 

8 

2.5 

2,18 

1.93 

1.02 

1.5 

^  37 
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Table  of  Round  Iron,  in  Pounds. 


I^nKth,  cue  Foot 

Lenglh,  one  root. 

Leugth,  one  Foot 

Lengili,  one  Foot. 

Di^t.r. 

Weiglit. 

Diameter. 

Weight. 

Diametor. 

WelBht. 

Mamefer. 

Weight. 

.164 

4,961 

27.709 

6 

94.610 

.256 

5.913 

3 
3 

29.881 

110,84 

.369 

6.928 

32.170 

128.85 

.503 

8.043 

3 

34.472 

^i 

147.68 

.656 

9.224 

3 
3 

86.8S5 

167.94 

.831 

2 

10.493 

39.890 

8^ 

189.54 

1.025 

2. 

11.846 

41.984 

212.53 

1.241 

•?. 

44.637 

236.75 

1.476 

'i 

14.797 

4 

47,386 

lo' 

262.34 

Y 

1.732 

2 

ig.396 

4 

58.182 

290.47 

2.011 

•'. 

18.146 

4| 

59.187 

317.48 

2.306 

2 

19.842 

66.585 

"i 

846.93 

I 

2.624 

4 

21.684 

6 

72,618 

878.44 

!f 

8.321 

23.653 

6 

79.370 

4.099 

3 

25.620 

5 

86.731 

Tahle  of  the  Weinht  of  Square  Iron,  in  Pounds, 


LooBt.,c=cPoo. 

Length,  one  root. 

Length 

one  Foot. 

Length 

o„eFoot 

ThloknoBS, 

Weight. 

IhickneHB. 

Weiglit. 

rhietnes.. 

Weight, 

Thtfl;ne.s, 

Weight. 

j»a^. 

Inches. 

ine)i6!. 

.209 

H 

5.219 

2 
2 

15.083 

3 

30.070 

6.315 

16.909 

3 

35.279 

.835 

7.516 

2 
2 

18.840 

8 

40.916 

1.305 

8.820 

20.875 

8 

46.969 

1.8T9 

10.229 

2 

28.115 

4 

58.440 

2.558 

11.743 

2 

25.259 

67.637 

1 

3.340 

2" 

13.360 

2 

88.510 

H 

4.228 

... 

WIRE   KOrES,  CHAINS,  AND   CORDAGE. 

Wire  ropea  ore  now  geDerally  used  in  tiic  place  of  chains  aad  hemp  ropes.  A  greater 
strength  with  less  weight  la  obtained  by  the  former  than  either  of  the  latter.  A  tarred 
hemp  rope  of  the  best  quality,  weighing  2  pounds  to  the  fathom  (6  feet),  and  3  inehes 
in  ciroumferecee,  will  not  sustain  more  than  3  tons  without  great  danger  of  breaking. 


Relative  Strength  of  Ropes  and  Chains,  as  given  hy  English  . 


■n  Short  Lengihs. 


Homp  Ropes  ShroTid.  r^lrt,  ana 
Tittred  with  the  Warm  BegiBter. 

Breofting  Strain. 

"a^?SSitr.h' 

'wLm  Register. 

Breaking  Strain. 

Tans. 

6 
6 
8 
10 
12 

17 
5 
17 
18 

19 

6   inehcirou 

?^ ;: 
8^ :: 

14 
18 
21 
24 
27 

4*     ..               "              

00 

5*     "              "            

^  "        "       

obyGoo'^le 
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Proof  of 

BrenkiDK  of 

Jiolt. 

Ctan. 

Knis. 

k™. 

Chain  from    Jinclit-   It 

•^i 

"^i 

8i 

1 

12 

19 

1  i 

I      " 

48' 

4«i 

7 

I  :: 

8  „ 

1 

Chains  from  best  American  charcoal  ii 
fourth  than  those  made  of  English  iron 
higher  proof  tlian  ono-fourtii  of  the  breaking  proof. 

There  is  a.  singular  circumstance  connected  with  iron  not  generally  understood,  or  jet 
Bcienliflcally  esplained.  Iron  which  is  cold  rolled,  or  drawn  from  an  annealed  or  soft 
condition,  will  bear  a  greater  direct  weight,  as  holts  or  wire  ropes,  by  one-half,  than  when 
heated;  tiat  is,, a  wiro  which  will  bear  1000  pounds  after  being  drawn  through  the 
wire  machinery,  or,  in  other  words,  new  wire,  will  bear  only  500  pounds  after  being 
heated  red-hot:  therefore  a  wire  rope  containing  the  same  weight  of  iron  will  bear 
double  the  strain  which  chains  will  enduro  without  breaking,  and  may  be  safely 
worked  at  threefold  the  load  that  can  be  risked  on  chains  of  the  same  weight. 


Iron  Wire  Ropf  s,  ChsiToal  Iron, 

ISSi' 

Wire 

ope  n  i 

iche 

s  in  circumference 

15 
19 
21 
21 

.«.lW.o.op., 

Ersukiiig 

Steel 

wire  rop 

1 

>„h..i.o™.,....ce 

1> 
10 

-5 

34 

It  will  be  noticed  from  the  foregoing  tables  that  the  breaking  strain,  or  the  weight 
required  to  break  a  certain  length  of  rope  or  chain,  is  not  in  proportion  to  weight.  A 
f-inch  chain  manufactured  from  |-inch  round  iron  contains  more  than  three  times  the 
amount  of  iron,  and  is  nearly  four  times  the  weight,  of  a  one-inch  wire  rope,  and  yet 
the  breaking  strain  is  about  tlie  same;  while  a  hemp  rope  to  bear  the  same  stvaia 
must  be  7  inches  in  circumference  and  double  the  weight  of  the  wire  rope.  Steel  wire 
ropes  will  bear  four  times  the  burden  of  an  equal  weight  of  hemp  rope,  and  eight  times 
tlie  burden  of  an  equal  weight  of  chain ;  while  the  working  strain  that  each  will  bear 
is  in  the  same  proportion,  but  in  favor  of  the   iron  wire  over  both  hemp  ropes,  and 


n  by  Google 


474 


MIKIXG    ECONOMY, 


chains,  and  still  more  in  favor  of  steel  wire  orer  the  iron  wire.  But  if  iron  or  steel 
wire  ropes  are  heated  hefore  use,  tJieir  strength  is  reduced  one-half.  la  putting  on  the 
sockets  at  the  ends  of  the  ropes,  that  part  is  weakened  if  tcatcd  for  the  purpose,  and 
if  short  lengths  are  esperimented  on  they  always  part  at  the  socket ;  but  in  practical 
working  the  load  is  never  over  one-fourth  of  the  breakiog  strain,  or  one-half  the  teaist- 
ance  at  the  socket,  aud,  coQsequenttj,  it  is  still  double  the  required  strength:  more- 
over, the  wear  and  tear,  and,  in  faot,  the  greatest  strain,  are  towards  the  upper  end  of 
the  rope,  or  that  part  which  winds  on  the  drum,  and  this  part  always  gives  way  first. 

The  following  table,  fumiahed  bj  Fisher  Hazard,  Esq.,  the  Mauch  Chunk  Pennsyl- 
vania manufacturer  of  wire  ropes,  gives  the  relative  practical  tcorking  dimensions  and 
strength  of  hemp  ropes,  wire  ropes,  and  chains.  It  will  be  noticed  that  the  working 
strain  Is  pat  at  less  than  one-fourth  of  the  breaking  strain ;  while  the  breaking  strain 
is  considerably  less  thaa  is  obtained  from  experiment.  This,  however,  is  a  safe  prac- 
tical test,  and  may  be  rolled  ou ;  for  while  a  piece  of  chain  or  rope  12  feet  long  may  bear 
30  tons,  the  same  rope  or  chain  300  feet  long  might  not  bear  more  than  20  tons.  The 
foregoing  tables  were  given  to  show  the  relative  general  strength  of  ropes  and  chains; 
the  following  one,  as  a  guide  to  their  practical  working  strength. 
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It  is  scarcely  possible  to  manufacture  wire  ropes  with  any  thing  but  good  charcoal 
iron,  and  iraposaible  to  make  them  from  ordinary  common  iron;  and  the  same  result 
holds  good  to  a  greater  estent  with  steel  wire  than  with  iron  wire,  since  the  iron  must 
be  good  in  the  first  place  to  produce  steel,  and  the  steel  must  bo  uniformly  good  to 
produce  fine  wire. 

But   this   is   not  the  case  with  hemp  ropes;    almost  any  kind  of  material  can  be 
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made  up  into  ropos  of  this  description  in  aach  a  manner  as  tu  make  it  imposaible  to 
detect  the  quality  and  strength  of  the  rope  without  actual  esperiment.  The  same  thing 
may  be  aaid  of  chains :  almost  any  kind  of  merohaiitable  iron  can  he  forged  into  chains, 
and  it  is  impoasible  to  detect  the  quality  without  experiment  or  practice.  A  |-inch 
chain,  or  one  manufectured  from  j-inch  iron,  may  stand  a  breaking  stiaiu  of  24  tons 
if  made  of  good  iron;  but  if  from  poor  iron  it  may  snap,  without  warning,  at  5  or  10 
tons.  In  the  first  case,  the  chain  will  stretch  considerably  before  breaking;  but  in  the 
latter  it  breaks  suddenly  without  giving  to  the  strain.  A  good  link  will  yield  until  it 
becomes  parallel  or  straight  before  it  breaks;  but  a  poor  link  will  snap  off  without 
warning.  Chains  are  also  apt  to  give  way  at  the  point  of  welding,  if  badly  made,  even 
with  good  iron ;  and  when  we  have  both  poor  smiths  and  poor  iron  to  contend  witb,  OC 
guard  against,  tho  danger  is  great:  therefore,  iu  regard  to  safety  as  well  as  economy, 
wire  ropes  are  far  superior  to  ehdna,  for  mining  purposes  particularly. 

The  breaking  strain  of  a  one-inch  wire  rope  is  set  down  in  tfie  foregoing  table  at  16 
tons,  and  its  weight  at  1.55  pounds  per  foot;  the  breaking  strain  of  a  two-inch  wire 
rope  is  56  tons,  and  its  weight  7.05  pounds  per  foot;  consequently,  tho  relative  strength 
is  in  favor  of  the  small  rope  as  to  its  weight,  and  indirectly,  as  to  use,  it  is  much 
more  in  favor  of  the  small  rope,  since  the  bending  backwards  and  forwards  over  a 
drum,  even  of  large  diameter,  is  more  injurious  to  a  large  rope  than  a  small  one.  It 
would  require  4.75  feet  of  one-inch  rope  to  weigh  as  much  as  one  foot  of  two-inch  rope: 
consequently,  the  breaking  strain  of  four  and  three-quarter  one-inch  ropes  would  be  76 
tons  against  56  tons  as  the  breaking  strain  of  a  two-inch  rope;  or  four  one-inch  ropea 
would  bear  a  breaking  strain  of  64  tons,— 8  tons  more  than  a  two-inch  rope,— and,  if 
worked  together  as  a,  fiat  rope,  would  last  double  as  long  as  the  larger  rope. 

Flat  ropes,  therefore,  are  stronger  and  more  durable  than  round  ones  of  the  same 
weight,  and  are  to  be  preferred  for  oolliei-y  purposes.  Tlie  great  difaoulty  seems  to  be 
in  their  wear  together.  If  not  carefully  put  together,  one  may  hear  much  more  strain 
than  the  other;  but  this  difficulty  can  be  obviated  either  by  the  manufacturer  or  the 
operator.  Great  care  should  be  taken  in  putting  on  the  sookets:  if  done  at  the  mines, 
the  rope  should  1m  stretched  powerfully  and  carefully,  in  order  to  equalize  the  strain. 
If  this  is  done,  and  the  rope  well  put  together,  it  will  outlast  two  round  ropes  of  the 
same  strength. 

Another  objection  may  be  raised  in  the  lapping  of  the  rope  around  the  drum;  but 
the  true  principle  is  to  lap  the  rope  upon  itself  on  a  narrow  drum  or  wheel,  just  wide 
enough  to  receive  the  breadth  of  the  flat  rope.  The  abrasion  in  this  case  is  not  greater 
than  it  would  bo  in  a  round  rope,  which  abrades  powerfully  against  its  own  aide  aa  it 
winds  on  the  drum.  The  winding  of  a  flat  rope  is  directly  on  itself,  and  the  abrasion 
is,  therefore,  leas  than  that  fa  nd  ope,  which  winds  against  itself  with  a  powerful 
rubbing  process,  on  a  unt  f  th  ndirectness  of  the  pull.  In  this  respect  the  advan- 
tage is  with  the  flat  r  p  nd  na  w  drums.  But  there  is  also  another  advantage  in 
starting  loads  from  de  p  m  n  w  th  mall  drums  increasing  as  they  draw  near  tJie  top. 
This  is  a  great  help  t  th  ma  h  n  y,  as  the  load,  thougli  of  equal  weight,  oserts  a 
much  greater  strain  n  th  ma  1  n  y  and  rope  at  600  feet  distance  than  at  300  feet, 
independent  of  the  in  r  a  d  w  ht  t  the  rope  at  the  greater  depth.  Six  hundred  feet 
of  two-inch  rope  will  w  ^h  n  a  ly  two  tons.  To  start  this  with  a  load  of  eight  tons 
gives  ten  tons  at  the  j,  at  t  d  pth  an  1  nine  tons  at  half  the  depth.  But  the  effect  on 
the  machinery  is  mu  h  g  to  n  it  requires  as  much  power  to  start  8  tons  at  600 
feet  as  10  tons  at  300  feet  distance.  With  the  common  12-feet  drum  required  for  a  two- 
inch  round  rope,  tho  leverage  of  the  pinion  is  just  the  same  through  oil  the  drag, — as 
much  at  starting  as  on  stopping.  But  with  the  flat  rope  and  narrow  drum,  starting  at 
6  feet  diameter  and  ending  with  8  or  10,  the  leverage  or  power  of  the  engine  is  much 
greater  at  the  commencement  than  at  tho  end,  on  tho  same  principle  that  it  is  easier  for 
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a  man  to  work  a  windksa  with  a  sis  inch  drum  tban  one  with  a  twelTe-inch  drum.  But 
in  the  case  of  the  flat-rope  colliery  drum  the  diameter  inijreasea  as  the  rope  winds  on, 
and  !iB  the  weight  of  the  load  deL,r«a  es 

Wo  have  no  douht  that  a  goud  steel  wire  rope  of  thret-quarter  inch  diameter,  in 
a  band  ot  four  ropes,  would  be  mnch  moio  puwerlul  than  a  round  rope  of  two  inches, 
and  that  it  would  Wear  out  at  least  four  round  r  pes  while  the  advantage  given  to  the 
maohinery  would  save  several  thousand  d  liars  in  the  first  cost  of  the  power,  and  be 
the  source  of  constant  saving  in  the  gcnprati  n  if  steam 

Powerful  machinery,  with  large  drums  and  large  round  ropes,  is  very  efieotivo  and 
available  at  our  large  colliery  est^Hishmenta  Steam  is  not  so  much  of  an  object,  since 
coal  IS  plentiful  and  cheap;  but  simplic  ty  jermanen  e  and  reliabihty  are  important 
oousidpratioas,  and  should  have  the  precedence  over  oil  other  questions  in  mining 
economy  We  do  not,  therefore  advan  e  the  above  aa  a  dogmatic  rule,  but  simply 
suggest  the  availability  of  the  mode  pr  f  Dsed  as  equally  permanent  and  reliable  with 
the  best  michinery  now  in  use  at  the  anthra  ite  c  llieries,  and  as  possessing  greater 
lifting  power  with  let-s  steam  and  me  hanical  strungth  and  more  economy.  We  do  not 
propose  to  recommend  any  mere  theoretual  project  but  such  improvements  as  tend  to 
simplify  and  economize. 

Of  course,  hemp  ropes  are  now  ob'  lete  in  mining  economy  as  a  general  thing,  since 
they  bear  no  comparison  to  wire  in  cost,  weight,  or  effect;  and  chains  are  still  more 
objectionable  for  deep  mines  and  heavy  weights,  however  they  may  be  made;  while 
bands  of  steel  or  sheet  iron  are  not  much  better,  and  are  objectionable  in  all  mining 
operations;  therefore  wire  ropes  are  in  al!  respects  superior. 

A  chain  capable  of  drawing  10  tons  from  a  depth  of  600  feet  would  weigh  over 
14,000  pounds,  or  10,000  pounds  more  than  the  weight  of  a  wire  rope  to  accomplish  the 
same  purpose;  while  a  steel  rope  to  draw  an  equal  load  from  the  depth  of  1000  feet 
would  weigh  4000  pounds  less  than  an  iron  wire  rope  for  the  same  purpose. 

We  make  the  load  of  8  tons  as  the  maximum  in  our  deep  slopes.  It  would  be  unne- 
cessarily heavy  in  a  deep  shaft, — say  1000  feet.  At  such  a  depth  a  wire  rope  of  two 
inches  diameter  would  weigh  7050  pounds,  or  over  three  tons.  If  we  add  to  this  7  tons 
as  the  weight  of  coal,  car,  and  cage,  it  would  still  make  a  load  of  ten  tons  to  start  with, 
which  is  as  much  as  a  two-inch  rope  ought  to  be  subjected  to  at  that  depth,  as  much 
BE  the  heaviest  machinery  yet  built  in  this  region  for  mining  purposes  ia  capable  of 
doing,  and  as  much  as  it  ia  desirable  to  lift)  at  one  time. 


Foreign  Lineal  Mea^res  eoji^ared  with  the  Yard  English. 
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Table  of  l/ie  Relative  Indkations  of  BammeUr  and  Tht 
of  Fresh  Water. 

(When  the  barometer  iDdiottt«a  30  inches,  thB  boiling  point  is  212°  Tan,,  i 
preaaure  eorresponds  to  a  difference  of  1°  Fah,) 
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OUTSIDE  FIXTURES  AT  MINES. 
At  all  mines,  where  large  amounts  of  material  are  handled,  elevation  is  required 
for  the  purpose  of  transshipment  or  preparation.  At  coal-mines,  and  anthracite  mines 
in  particular,  considerable  elevation  is  required,  in  order  that  the  coal  may  pass  through 
the  processes  of  breaking,  cleaning,  and  separafion  without  handling.  This  is  a  great 
item  in  the  economj  of  mining.  All  handling  of  coal  by  manual  labor  should  be 
avoided  as  far  as  practicable.  We  do  not  think  there  can  be  any  case  in  -which  coal 
need  be  handled  more  than  once,  and  that  is  by  the  miners  irhen  it  is  first  excavated  in 
the  breasts.  There  are  a  few  instances  in  which  even  this  handling  is  not  required:  as, 
where  the  coal  is  worked  by  the  mode  known  as  the  "run."  But  generally  the  coal 
must  be  handled  once.  It  is  thrown  by  hand  into  the  mine-cars,  when  those  cars  go 
into  the  breasts  in  flat  seams,  and  from  thence  passes  direct  to  the  "breaker."  If  the 
top  of  the  drift,  tunnel,  slope,  or  shaft  be  as  high  as  the  top  of  the  breaker,  no  more 


elevation  is  reqnired;  but  if  below,  the  cars  are  elevated  by  machinery  to  the  proper 
height,  and  the  cars  are  emptied  or  "dumped"  in  the  upper,  or  receiving,  sliutes  or 
bins  of  tbe  breaker.  From  this  point  the  coal  descends  by  gravity  through  the 
breaking-rolls  and  the  screens  to  tbe  bins  which  contftin  the  prepared  coai;  from 
thence  it  is  drawn  into  the  railroad-ears  for  shipment  to  market.  In  the  process  of 
passing  tlirough  the  breaking  and  cleaning  machinery,  groat  care  should  be  tiiken 
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to  separate  the  slate  and  Bone  from  the  coal,  -wiich  mnat  he  done  by  hand;  and  on  the 
care  witt  which  thb  ia  done  depends  tic  parity  of  the  marketahle  coal.  It  ia  true 
that  a  great  difference  exists  in  the  purity  and  cleanliness  of  coal  as  it  comes  from 
the  mine,  since  some  seams  contaia  much  more  slate  and  hone  than  others,  as  may 
be  noticed  in  our  sections  of  coal,  and  even  the  same  seam  frequently  varies  in  this 
respect.  But  all  coal  contains  more  or  less  of  these  impurities,  generally  in  the  body 
of  the  seam  itself,  hut  often  from  the  top  or  bottom  slate.  It  is,  therefore,  of  the  greatest 
importance  that  provision  should  be  made  in  all  coal-preparing  establishments  for 
picking  out  the  slate  and  bone.  This  must  be  done;  and  the  economy  and  thorough- 
ness with  which  it  b  done  depend  as  much  on  the  means  provided  as  on  the  care  which 

A  great  many  boys  are  usually  employed  for  this  purpose,  and,  unless  under  the 
eare  of  a  steady  and  sensible  man,  they  are  not  as  industrious  and  watchful  as  the  case 
requires.  In  winter,  during  cold  days,  the  little  "  alafe^ickers"  have  a  hard  time  gene- 
rally, and  but  little  can  be  done  as  our  breakers  are  generally  arranged.  Stoves  are 
sometimes  used;  but  these  are  not  only  dangerous,  but  far  from  effective,  since  the 
boys  must  go  to  the  stove  frequently  in  order  to  keep  warm.  The  best  plan  is  to  warm 
the  "slate-pickers'"  aparfment  by  means  of  sleam-pipes.  A  few  gas-pipes  passed  near 
the  boys  are  the  most  effective  for  the  conveyance  of  steam. 

HANDLING  ANn  ELEVATION   OF   COAL. 

To  return  to  the  handling  of  coal,  wo  ■would  notice  particularly  the  economy  of  tliis 
item.  As  before  observed,  there  is  no  case  in  which  coal,  when  mined  on  a  large  scale, 
need  be  handled  more  than  once.  "When  the  cars  go  to  the  miner  in  the  breasts,  we  have 
shown  the  course  it  takes.  When  thrown  into  the  cars  by  the  miner,  it  is  handled  no 
more  until  it  goes  to  the  market, — perhaps  to  Maine  or  California.  When  worked  by 
the  run,  it  is  not  touched  by  the  hand  of  man,  with  rare  exceptions,  until  it  goes  to  the 
cities.  When  worked  by  breast  and  shutes,  it  need  be  handled  only  once,  as  in  the  case 
of  breast  and  cars. 

The  coal  is  thrown  by  the  miner  or  his  assistants  info  the  shutes,  and  slides  down 
the  incline  of  the  sbutes  by  its  gravity  into  the  cars  at  the  bottom.  There  are  instances 
where  the  dip  is  not  steep  enough  for  this,  and  a  second  or  third  handling  is  required 
to  get  it  into  the  cars;  but  in  all  such  cases  we  think  it  better  to  take  the  cars  into 
the  breasts.  Of  course,  from  the  cars  there  need  be  no  rehandling.  It  goes  through 
the  process  described. 

In  a  mine  from  which  1000  tons  per  day  are  expected,  a  second  handling  not  only 
interferes  to  a  great  degree  with  the  amount  of  work  to  be  done,  but  increases  the  cost 
largely.  Outside,  when  circumstances  are  favorable,  a  man  may  handle  20  tons  of  coal, 
but  in  the  mines  10  tons  is  a  good  day's  work;  and,  generally,  including  superintend- 
ence, oil,  tools,  and  intfirference  with  the  transaction  of  business  or  the  amount  of 
work  to  be  done,  this  rehandling  will  not  cost  less  than  15  cents  per  ton ;  but,  in  order 
to  be  within  the  limits,  we  will  estimate  it  at  10  cents  per  ton,  and  we  will  find  that 
this  simple  it«m — which  operators  do  not  notice^oosts  them  ($100)  one  hundred  dollars 
per  day  on  a  business  of  1000  tons  per  day. 

In  these  little  items  lies  the  success  of  mining,  very  frequently,  and  they  often 
depend  on  the  manner  in  which  the  mines  are  laid  out  and  the  manner  in  which  they 
are  worked. 

In  the  outside  arrangements  many  large  items  of  expense  are  incurred  without 
notice  by  the  proprietors,  unless  they  are  practical  men.  We  have  frequently  seen 
three  men  employed  where  one  would  have  done  much  more  work  by  the  aid  of  the  least 
bit  of  ingenuity.     We  will  give  a  few  instances  out  of  many  we  have  seen. 
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A  heavy  car  comes  to  the  top  of  the  shaft,  and  this  must  be  removed  to  the  breaker, 
which  is  30  yards  dista,iit.  The  grade  is  level  and  the  curve  of  the  track  great,  with 
rails  of  equal  height.  It  requires  four  men  to  push  the  car  to  its  place  and  dmnp  it, 
and  two  minutes  are  consumed  in  changing  the  ears;  perhaps  the  same  thing  happens 
at  the  bottom ;  and  thus  not  less  than  five  minutes  are  taken  up  with  each  car  of  coal, 
— say  two  tons. 

Now  notice  the  difference.  By  elevating  the  oar  sis  inches  higher  and  rwsing  the 
off  rail  in  the  curve  a  little  higher  than  the  inside  one,  and  by  a  simple  contrivance  on 
the  "  cage,"  the  car  leaves  the  cage  and  runs  hy  its  own  gravity  to  the  dump,  and  one 
man  can  manage  it  and  change  the  cars  in  half  a  minute.  Here  we  nut  only  save 
about  five  dollars  per  day  for  labor  on  the  top  alone,  but  the  business  of  the  colliery 
may  be  more  than  doubled,  which  is  enough  to  "  break  or  make"  a  concern,  when  all 
the  machinery  and  contingent  expenses  remain  the  same. 

But  at  the  same  place  there  may  be,  and  are,  other  items  equally  expendve  and 
objectionable.  The  top  of  the  breaker  is  limited  for  height  and  spaee,  and  there  is  not 
room  to  dump  more  than  two  or  three  oars.  The  men  whose  duty  it  is  to  put  the  ccal 
into  the  breaker  are  crowded  together,  and  cannot  do  half  their  duty.  They  put  every 
thing  through  the  breaker.  A  rock,  which  might  be  thrown  out  easily,  is  broken  into 
a  hundred  fragments  and  mingles  with  the  coal.  Much  of  it  remains  there;  and  what 
may  be  picked  out  is  with  great  labor  and  expense. 

The  coal  comes  out  of  the  mine  faster  than  it  can  be  handled  on  top  of  the  breaker, 
and  the  machinery  must  wait,  the  men  on  top  must  wait,  and  half  the  men  in  the  mine 
must  wait.  Instead  of  500  tons  of  coal  being  mined  and  prepared  per  day,  at  a  cost  of 
70  cents  per  ton,  less  than  300  is  done,  at  a  cost  of  $1.26  per  ten. 

These  items  may  be  carried  out  from  the  miner  through  all  the  processes  until  the 
coalreachestheearsforshipment  to  the  markets;  and  instead  of  two  or  three  instances 
we  might  name  and  dcBcribe  a  dozen  or  more, — not  all  at  one  mine,  or  no  concern  could 
hear  the  expenses;  but  generally  one  or  more  of  those  "pi-ofit  and  hss"  items  are  to  be 
observed  at  each  establishment.  • 

MINING  ECOHOMT. 

The  economical  mining  of  coal  depends  on  the  facility  with  which  it  can  be  taken 
from  the  miner  to  the  top  of  the  breaker. 

FiHST.— The  mine  should  be  so  planned  and  laid  out  as  to  enable  the  miner  to  work 
with  security  and  in  a  pure  atmosphere;  which  can  bo  done  only  by  a  system  of  venti- 
lation like  that  described  in  the  preceding  pages. 

Sbconb. — It  is  equally  essential  that  the  plans  of  working  be  so  arranged  that  the 
miner  can  cut  his  coal  with  the  greatest  ease,  and  put  it  into  the  oars  with  the  least 
amount  of  labor.  The  difference  in  this  item  ranges  from  20  to  50  cents  per  ton  in  the 
anthracite  mines, — depending  on  the  size  and  character  of  the  seam,  and  the  manner  in 
which  it  is  mined, 

Thiri>,^To  the  operitor  and  proprietor  there  is  an  interesting  question  concerning 
the  amount  of  coal  which  cin  he  ol  ti  m.d  from  an  acre  of  ground.  When  the  mines 
are  opened,  gangways  and  leadings  Irven  railroads  laid;  in  fact,  all  tlie  expensive 
dead  work  done,  and  mach  nery  erectt !  — to  do  which  and  keep  the  same  in  operation 
includes  about  one-thir  1  the  espouse  of  minmg  — it  is  important  that  all  the  available 
coal  opened  should  be  ol  tained 

If  the  coal  cost  60  ents  per  ton  to  mme  and  deliver  on  the  top  of  the  breaker,  pro- 
vided 30,000  tons  per  acre  he  mine  1  from  the  Mammoth  of  25  feet  thickness,  it  will 
cost  70  cents  per  ton  on  the  hng  run  if  only  £0,000  tons  are  extracted.  This  may 
appear  paradoxical;  but  a  little  flgur  ne  or  better,  some  experience,  will  be  con- 
vincing.    We  considi-r  the    boundirv  pi  lU      i-*  described  in  this  work,— a  modification 
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of  the  Engliah  "  board  ajid  wall"  and  "  loug-wall"  laodes, — thebest  and  most  economical 
tliat  can  lie  used. 

FoL'KTH. — The  faeilitiea  provided  for  the  eoayeyanoe  of  the  coal  from  (he  miner  to  the  top 
of  the  breaker  are  important  items,  Goodinsideroads,  easy  grades,  and  iHwrn  for  the  pass- 
age of  trains,  are  all  it«ms  deserving  attention.  The  size  of  the  care  depends  on  the  sine 
and  dip  of  the  seam,  and  may  be  from  one  ton  to  four  tons  in  capiicitj ;  from  two  to  three, 
however,  may  be  the  most  economical,  since  they  must  occasionally  be  handled  by  men. 

At  the  bottom  of  the  slope  or  shaft,  arrangements  should  always  be  made  for  the  easy 
and  rapid  transfer  of  the  cars, — the  empty  one  coining  down,  and  the  loaded  one  going 
up.  The  same  arrangement  should  be  made  at  the  top  of  the  slope  or  shaft,  so  that  the 
cars  shall  move  by  their  own  gravity,  not  requiring  manual  labor  to  start  them  fi-om 
their  position. 

Fifth. — Elevation  of  the  breaking,  screening,  and  separating  machinery  is  essentia!. 
An  elevation  of  from  50  to  75  feet  is  generally  required.  A  shute  or  bin  above  the  roUs 
or  breaker  proper  is  desirable  to  hold  the  coal  on  coming  from  the  mines,  and  to  give 
the  laborers  opportunity  to  select  the  coal  in  the  lump,  and  pass  the  required  kinds  and 
sizes  through  the  breaking-rolls.  Scremis  should  also  be  provided  tfl  separate  certain 
portions  of  the  coal.  Steamboat  and  lump  coal,  of  couise,  need  not  go  through  the 
breaker,  unless  a  large  amount  of  steamboat  coal  is  required;  neither  should  that  por- 
tion of  the  coal  which  is  already  small  enough  go  through  the  breaker-rolls.  By  pi'o- 
viding  for  those  sizes,  muoli  waste  and  some  labor  may  be  saved,  and  the  crowding  of 
hands  will  be  avoided ;  while  the  slate  and  impurities  may  be  separated  from  the  coal 
in  the  rough,  or  before  they  are  shattered  and  scattered  by  the  breaking  process.  The 
separation  of  the  dirt  from  the  coal,  and  of  the  small  coal  from  the  large  coal,  nlso 
facilitates  the  selection  of  the  rock,  slafe,  and  bone  from  the  coal. 

Sixth. — The  foregoing  embrace  the  principal  items  of  economy  in  mining,  as  far  as 
the  design  and  style  of  works  are  concerned ;  but  perhaps  the  most  important  item, 
after  all,  in  the  economy  of  mining,  is  efficiency  of  management.  Energy  and  constant 
attention  are  required  in  all  cases;  but  these  qualities  are  second  only  to  judgment 
and  experience.  We  have  often  noticed  the  great  difference  in  the  cost  of  mining  and 
preparing  coal,  under  the  same  circumstances  and  conditions  in  seam  and  general 
availability,  in  two  collieries,  owing  to  the  difference  in  management. 

In  one  case  we  see  the  greatest  activity  and  energy  displayed,  but,  unfortunately, 
leaks  that  can  only  be  seen  by  experienced  eyes  are  making  sad  drainage  on  the  profits. 
In  another  case  we  notice  a  calm,  almost  careless  expression  and  action,  but  we  see  the 
greatest  order  and  system  in  the  operation,  and  ao  item  that  could  be  improved  or 
expense  that  could  be  saved. 

A  large  aanount  of  the  work  done  in  tie  interior  of  the  mines  can  be  done  with  more 
economy  by  conirad  work  than  by  day'^  work.  Miners,  like  most  business  men,  look 
sharper  to  their  own  interests  than  to  other  people's.  They  may  do  a  fair  day's  work 
for  one  dollar  and  fifty  centa,  but  they  will  do  more  if  they  can  make  three  dollars  per 
day  by  contract.  Now,  it  happens  that  coal-miners  will  ask  one  dollar  per  wagon  or  car 
for  cutting  coal,  if  they  can  get  it  for  asking,  and  they  will  often  say  that  they  cannot  do 
it  for  less;  but  the  experienced  manager  knows  it  can  be  cut  for  fifty  cents,  and  he  will 
not  ^ve  more.  A  yard  of  gangway  may  be  driven  for  five  dollars,  but  the  miner  may 
want  seven  dollars  and  fifty  cents,  and  may  not  accept  less ;  whereas  some  one  else  may 
take  it  and  make  good  wages  at  five.  Breasts  may  be  driven  by  the  yard  under  con- 
tract,— say  20  yards  wide, — but,  if  the  minors  are  notwat-ched,  they  will  contract  them 
to  15  yards;  and  thus,  if  the  coal  be  30  feet  thick,  50  tons  of  coal  will  be  lost  to  the 
proprietor,  which  may  be  worth  to  him  50  dollars,  under  the  circumstances.*     These 
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are  only  a  few  out  of  hundredB  of  inBtances  which  might  be  earned  in  which  judgment 
and  esperience  are  of  more  importance  than  energy  and  action;  hut  when  ail  are 
combined  in  the  maoagoment,  we  find  t)ie  result  in  proita. 

LOCATION  OF  OUTSIDE  IMPEOVEMENTS. 

On  this  Buhjeet  we  shall  be  brief,  not  hecause  of  its  insignificance,  or  that  it  can  be 
intelligently  diBCUBeed  in  a  few  words,  but  for  the  Bimple  reason  that  nothing  short  of 
an  elaborate  discussion  could  present  the  importance  of  the  eulgoct  in  a  comprehensive 
or  Taluable  shape. 

The  outside  improyementB  of  our  large  colliery  eatablishmentB  cost  from  $50,000  to 
$160,000, — depending  on  the  amount  of  business  to  be  done,  the  character  of  the  plan 
adopted,  and  the  nature  of  the  location. 

It  too  often  happens  that  a  set  plan,  from  which  there  is  no  deviation,  is  made  to  answer 
every  type  of  location,  ignoring  entirely  every  natural  advantage  which  may  be  offered, 
the  consequent  result  being  a  vast  addition  to  tflie  first  cost,  and  a  continual  disadvantage 
in  the  operation.  The  object  to  be  accomplished  is  economy  in  first  expenditure  and 
future  operation;  but  if  both  can  be  accomplished,  it  is  the  duty  and  business  of  the 
engineer  to  see  it  done.  Therefore,  while  a  genera!  and  tried  system  of  improvements 
may  be  followed,  the  natural  advantages  or  disadvantages  of  the  location  should  be 
duly  considered,  and  either  be  made  use  of  or  provided  against.  How  this  may  be 
done  can  perhaps  be  best  learned  from  seeing  how  it  has  been  done, — not  in  any  one 
locality,  but  in  many  localities.  If  all  the  improvements  made  use  of  at  the  various 
collieries  throughout  the  anthracite  re^ons  could  be  blended  in  one,  we  might  expect 
a  model  operation.  It  is  scarcely  possible,  however,  for  this  to  be  done;  but  we  know 
of  many  mining  establishments  that  would  have  been  much  more  convenient  and  more 
economically  worked  with  certain  additions  or  alterations  which  we  have  seen  elaewhere. 
We  cannot  point  out  those  instances  without  invidious  mention  and  comparison,  and 
will,  therefore,  only  call  attention  to  the  subject  in  general.  But,  in  order  to  make 
clear  our  meaning  on  this  subject,  we  will  state  an  instance,  to  show  how  natural 
advantage!  may  be  made  use  of 

A      il     y  was         t   1  mp      tivelj  flat  seam  of  coal.     It  was  found,  however, 

th  t  th        am  dipp  d  n  j  dly  t  wards  the  centre  of  the  basin,  and  that  it  would 

req  dphftt*         htal  that,  when  reached,  only  a  portion  of  the  coal 

CO  Id  b      1  tam  d  ni     tly  by  b  easts,  or  where  the  dip  was  sufficient ;  and  that 

ah  th  1  w  f  th  1  p  Id  ly  be  brought  down  by  inclines  to  the  bottom  of  the 
shft  ptnfthm      —    y  50  yards— above  the  shaft  could  be  .worked  only 

by  "breast  and  ahutes,"  and  the  other  portion — say  150  yards — could  be  worked  only 
by  "breast  and  cars."  Still,  the  true  mode  of  working  this  coal  did  not  occur  to  the 
management.  The  location  of  the  breaking  establishment  was  changed  from  a  fine 
natural  site  to  one  presenting  many  disadvantages,  and  a  shaft  was  sunk  to  the  coal  on 
one  side  of  the  breaker,  and  a  tunnel  driven  on  the  other. 

The  distance  to  the  brow  of  the  dip  was  not  over  50  feet  across  the  measures;  or  a 
shaft  50  feet  deep,  at  an  angle  of  60°,  would  have  reached  the  seam  at  a  point  where  a 
perpendicular  shaft  could  not  he  sunk,  on  account  of  the  face  of  the  hill.  This  short, 
eloping  shaft  would  cut  the  coal  on  the  brow,  where  160  yards  of  breast,  or  an  average 
dip  of  15°,  esistod,  and  which  could  be  mined  with  cars  in  all  the  breasts  with  much 
economy.  Now,  let  us  see  the  difference  in  fi.rst  cost.  The  perpendicular  shaft  is  about 
150  feet  deep,  costing  at  least  $10,000  more  than  the  sloping  shaft  would  have  ofet;  the 
tunnel  cost  $T0O0,  and  the  additional  cost  of  breaker  and  machinery  more  than  would 
have  been  required  by  the  former  mode,  not  less  than  §10,000. 

Thus,  we  have  $27,000  as  the  increased  coat  by  adopting  this  mode.    The  business 
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done  may  lie  placed  at  200  tons  per  day  from  the  shaft,  and  the  additional  cost  not  lese 
than  tea  cents  per  ton  over  what  would  have  heen  the  cost  in  case  a  sloping  shaft  was 
used,  from  the  greater  drainage,  the  greater  elevation,  and  the  inconvenience  of  mining 
under  the  complicated  system  inevitahle  in  the  case  of  a  deep  shaft. 

If  a  sloping  shaft  aeross  the  measures  had  been  adopted,  all  the  coal  could  have  been 
elevated  direct  to  the  tep  of  the  breaker;  but,  by  the  plan  made  use  of,  the  coal  from 
both  tunnel  and  shaft  was  elevated  to  the  top  of  the  breaker  by  independent  machinery. 
Therefore,  we  think  ten  cents  per  tou  a  low  estimate  for  the  additional  cost  entailed 
on  a  business  of  200  t«ns  per  day,  and  one  which  would  last  as  long  as  the  colliery  at 
the  present  level,  which  cannot  be  short  of  ten  years.  Thus,  we  find  this  error  of  loca- 
intailing  not  only  a  yearly  expenditure  of  $CO00,  but  limiting  the  business  to  a 


small  capacity,  besides  necessitating  the 

There  are  many  other 
esperience  and  judgment  th; 


of  the  original  capital  and  it 
location  which  betray  a  greater  want  ol 
ist  let  this  one  suf&ce  foe  all. 


COAL-BREAKiNG  MArHINEEl 

Where  a  large  business  is  done,  the  saving  of  five  per  cent  in  the  waste  of  coal  by 
breaking  effects  a  considerable  saving  in  the  year,  and  this  can  be  done  in  most  cases. 
On  500  tons  per  day  this  amounts  to  25  tons,  or  750O  tons  per  annum,  which  is  worth 
from  $1.00  to  81.50  per  ton  at  the  top  of  the  breaker  We  think  some  of  our  improved 
breakers  effect  at  least  this  saving  over  others,  and  in  some  case^  we  have  no  doubt 
that  the  waste  is  ten  per  cent,  greater  than  it  shouli  be  mith  proper  care  and  pro- 
viaiouB.  We  think  the  waste  occasioned  by  the  cmahini/  of  i  oil  in  rollers  ranges  from 
10  to  20  per  cent,  of  the  whole  shipments,  as  a  genera)  rule:  we  include  in 


pea-coal.  In  cases  where  tdl  the  coal  goes  through  the  rolls,  the  waste  is  greater,  and 
may  reach,  in  a  few  cases,  25  per  cent,  of  the  entire  production  of  the  mine. 

The  first  care  should  be  to  put  as  little  through  the  breaker  as  possible.  All  that 
may  be  judiciously  saved — as  lump  and  steamboat — may  be  kept  out  of  the  e.j-vskers, 
and  all  tJiat  is  already  small  enough  should  be  passed  down  to  the  screens  without  going 
through  the  rolls,  since  the  greater  the  mass  that  is  rushed  through,  the  greater  will  be 
the  waste.  Even  a  cargo  of  prepared  ooal  put  through  the  second  time  would  lose  by 
the  operation  from  one-fifth  to  one-tenth  of  its  bulk  in  pearcoal  and  dirt,  depending  on 
the  volume  with  which  it  was  fed  into  the  rolls. 

Therefore,  only  the  coal  which  is  required  to  be  reduced  should  be  passed  through 
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tlie  breaker,  and  the  rolls  should  be  constructed  with  aa  little  crushing  tendency  as 
poaaible.  The  best  breakers  we  have  seen  are  tlie  "hawk-billed*"  rollers,  and  ti.e 
Dickson  wrought-iron  rolls  with  steel  teeth.  The  hawk-billed  rolls  may  be  made  with 
sharp,  chUled  te^h,  and  tie  Dickson  rolls  can  have  the  tcGth  sharpened  whenever 
required. 

We  think  either  of  these  patterns  would  effect  a  aaving  of  at  least  five  per  cent,  over 
the  old  form  of  segments  and  dull,  short,  cast-iron  teeth.  The  knife-edged  teeth  are 
also  better  than  the  old-fashioned  square  teeth. 

To  do  the  large  business  required  in  great  colliery  establishments,  it  is  difficult  to  find 
any  motion  so  available  for  coal-breaiing  as  the  rotary.  A  groat  many  other  modes 
have  been  suggested  and  tried,  but  we  have  not  yet  seen  any  which  are  so  effectual. 

There  has,  however,  been  very  little  inventive  talent  brought  to  bear  on  this  subject. 
The  fate  of  the  first  inventor  of  coal-breakers  is  not  an  encouraging  example  to  others. 
"We  think  the  coal-trade  have  paid  pretty  dearly  for  their  opposition  to  the  celebrated 
breaker  patent,  however  exorbitant  its  demands,  from  the  feet  that  we  continue  to 
crush  our  coal  to  an  extent  that  will  be  sadly  felt  when  our  mines  are  exhausted, 
and  our  mining  Tillages  deserted,  while  mountains  of  refuse  stand  as  their  monuments. 
Had  the  inventor  been  encouraged,  we  have  no  doubt  the  case  would  haye  been  different, 
since  there  is  plenty  of  room  for  improvemoat. 

WASTE  AT  THE  ANTHRACITE  MINES, 

If  we  take  fifteen  par  cent,  as  the  average  waste  of  our  mines  in  dust  or  refuse  coal 
(and  tbis  is  a  low  estimate),  we  find  that  we  sustain  a  loss  of  one  and  a  half  millions 
on  a  business  of  ten  million  tons  per  annum.  This  immense  amount  of  waste  is  con- 
stantly being  piled  up  around  our  mines  in  vast,  unsightly  mounds,  burying  our  mining 
villages,  and  sadly  encroaching  on  the  limits  of  our  chief  towns.  Those  who  are 
familiar  with  St,  Clair  will  remember  the  mountains  of  eoal-dirt  which  almost  encircle 
it,  and  which  encroach  even  on  its  streets. 

The  amount  of  this  waste  that  now  lies  around  our  coal-mines  cannot  be  short  of 
15,000,000  tons,  and  each  year  adds  to  the  rapidly  accumulating  dirt-banks,  though 
every  flood  of  rain  carries  off  a  portion  to  our  cellars,  streets,  canals,  and  rivers.  It 
will  become  a  necessity  in  time  to  find  some  mode  of  disposing  of  it. 

There  can  be  no  doubt  that  it  can  be  maiie  use  of,  and  perhaps  with  much  profit 
and  advantage,  if  capital  and  enterprise  could  be  diverted  from  the  coal-mines  to  tlie 
coal-banks.  The  amount  of  money  required  to  put  up  a  first-class  coUiery  capable  of 
mining  and  shipping  500  tons  a  day,  would  erect  machinery  powerful  enough  to  com- 
press even  anthracite  coal-dust  to  a  state  almost  as  solid  as  when  it  existed  in  its  bed 
beneath  the  mountains ;  and  perhaps  the  amount  so  consolidated  per  day  would  not  be 
lees  than  could  be  obtained  from  the  mine.  Anthracite  coal-dust  can  be  solidified  by 
pressure  without  the  admixture  of  any  foreign  ingredient;  but  the  pressure  must  be 
powerful.  An  admixture  of  ten  per  cent,  of  wet  peat,  or  of  five  per  cent,  of  fine  clay,  will 
help  the  solidification,  and  make  the  blocks  more  tenacious  and  durable.  The  amount 
of  ash  or  residue  would  not  be  gj-eater  than  that  left  by  the  consumption  of  ordinary 
coal,  Muce  the  combustion  is  more  perfect,  and  no  cinders  or  unbumed  embers  are  left. 

Buti  when  circumstances  will  admit,  an  admixture  of  fifty  per  cent,  of  the  rich 
bituminous  coals  will  make  a  better  fuel,  and  require  no  other  adhesive  substance  than 
the  bitumen  which  the  bituminous  coal  contains,  which  is  brought  into  an  oily  state  by 
heat.  By  mixing  half-and-half  of  the  anthracite  duft  with  fine  or  pulverized  bitumi- 
;  them  with  great  power  in  a  hot  state,  the  solidification  will 
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will  be  complete.  But  the  presaore  required  is  much  greater  than  may  readily  he 
imagined  hj  those  who  have  not  tried  the  experiment.  The  mrilar  inatitnted  a  series  of 
euch  esperimenta,  at  considerehle  cost  of  time  and  money,  some  years  ago,  and  speaks 
from  practical  operations.  Perhaps  the  heat  place  to  estahlish  such  a  husmeas  would 
he  near  some  large  city,  where  either  clay  or  bituminous  coal  can  be  had  more  readily 
than  around  the  anthracite  mines,  and  the  anthracite  dust  can  he  transported  cheaper 
in  that  condition  than  wheti  formed  in  hlocks  ready  for  fuel. 

Coal-tar  and  coal-oil  have  heen  propospd,  and  the  former  is  need  ostensiTely  in  Europe 
to  produce  compoaition  fuel.  Coal-tar  is  certainly  as  good  as  hituminous  coal,  liut  we 
do  not  think  it  could  he  obtained  in  sufSoient  ijuantitios  and  at  a  coat  to  justify  its  use 
for  such  a  purpose. 

BituminouB  coal  is  always  accessible  at  reaaonahie  cost,  and  tho  fine  coal  can  always 
be  had  for  considerable  less  than  tho  lump  ciial, — enough  so,  in  fact,  to  pay  for  the 
operation  of  compressing.  The  Richmond  (Virginia)  coal  is  the  most  available  for  sneh 
a  purpose,  on  account  of  its  fat  and  bituminous  character,  and  may  be  mined  and 
brought  to  Philadelphia  cheaper  than  the  coal  from  onr  anthracite  mines,  by  the  same 
outlay  and  enterprise  displayed  by  the  anthracite  miners,  since  the  coal  is  only  15  miles, 
on  an  average,  from  tide-water  on  the  Jamea,  or  not  more  than  the  average  distance  of 
our  anthracite  mines  from  the  head  of  navigation  on  the  Schuylkill  or  Lehigh,  or  the 
head  of  tho  leading  railroail  lines  to  Philadelphia. 

We  have  no  doubt  of  the  feasibility  of  the  plan  here  suggested  as  a  meana  of  con- 
verting onr  immense  heaps  of  waste  into  an  ezcellent  article  of  fuel,  with  much  profit 
to  those  who  might  engage  in  it,  provided  they  put  capital  enough  in  to  insure  Bueceaa. 
Such  a  "mutual  coal-consumers'  company"  would  stand  better  chances  of  their  winter's 
fuel  and  of  reaaonahie  profits  than  many  which  have  been  blindly  and  foolishly  gone 
into  by  the  coal-con  sum  era  of  the  Eaatern  cities. 

USE  OF  WASTE  COAL  AND  ORES  IN  BLAST -FURNACES. 

The  use  of  waste  anthracite  coal'in  connection  with  the  dust  or  refuse  ores  in  blast- 
furnaces is  an  invention  of  the  writer,  on  which  a  patent  is  pending. 

The  waste  ooal  is  passed  through  a  screen,  and  the  clean  dirt,  as  free  from  slate  and 
impurity  as  it  is  possible  to  make  it,  is  crushed  between  heavy,  smooth  rollers  until 
it  ia  perfectly  fine,  and  in  this  condition  is  ready  for  admixture  with  a  proper  quantity 
of  iron  ores. 

The  finer  particles  of  the  ores  rejected  by  our  large  blast-furnaces  are  collected,  with 
such  cheap  ores  as  may  be  available  from  the  anthracite  mines  or  other  localities,  and 
the  whole  passed  through  heavy,  smooth,  iron  rollers,  and  crushed  to  powder.  In  this 
condition  it  is  passed  through  a  stream  of  water  in  which  it  is  violently  agitated,  and 
then  allowed  to  precipitate  in  successive  tanks.  The  richer  ores  will  be  the  first  to 
precipitate,  and  the  most  distant  sedimcnte  will  be  the  leanest.  In  this  manner,  ores 
of  any  given  richness  can  be  obtained  from  a  lean  matrix  or  seam,  and  the  only  objec- 
tion against  their  use  wiU  he  their  cost,  or  the  cost  of  mining,  since  the  cost  of  crushing 
and  precipitating  ia  merely  nominal.  But  the  washing  and  precipitating  will  not  be 
necessary  with  rich  ores.  Such  have  only  to  he  crushed.  In  the  condition  above  de- 
aoribed,  the  ores  are  ready  for  admixture  with  the  coal-dust  in  such  proportions  as 
experience  may  dictate,  but  not  above  one  part  of  coal  to  one  of  ore  or  fluic. 

The  third  proeeaa  ia  to  burn  and  slack  a  sufficiency  of  lime  for  flux,  and  mis  the 
whole  in  given  proportions  in  the  state  of  brick  mortar.  The  mass  can  then  bo  moulded 
by  hand  as  bricks  are  moulded,  and  dried  and  stacked  away  for  uae;  or  they  can  bo 
made  and  pressed  in  machinery,  and  stacked  away  to  dry  without  the  process  of  sun- 
drying. 
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When  sufficiently  dried,  tie  blocks  are  ready  foi  the  furnace,  and  the  materials  are 
so  intimately  mised  and  so  minute  in  particles  that  the  carbonizing  and  deodorizing 
process  is  complete,  and  the  burden  arrives  at  the  melting  zone  in  a  state  ready  for 
fusion. 

This  process  has  been  tried  on  a  small  scale  and  found  to  work  admirably;  but  it  is 
here  mentioned  only  as  a  means  to  economise  the  waste  of  the  anthracite  mines. 

We  expect  most  of  our  extensive  coal-operators  will  be  pleased  to  give  away  the  waste 
coal,  provided  it  is  taken  without  cost  or  inconvenience  to  them.  The  cost  then  will 
depend  on  the  transportation  and  the  preparation  of  the  material.  The  cost  of  crushing 
and  mixing  would  not  exceed  60  cents  per  ton,  and  five  tons  would  be  required  to  pro- 
duce one  ton  of  iron.  One  ton  of  fine  ore  yielding  45  per  cent.,  and  two  tons  of  lean  ore 
yielding  30  per  cent.,  would,  when  crushed  and  cleaned,  be  leas  than  2J  tons,  yielding 
an  average  of  40  per  cent,  of  metal  in  the  furnace,  at  an  average  cost,  delivered  on  the 
ground,  of  $2.50  per  ton. 

The  lime  might  cost  $3  per  ton  to  transport  and  burn.  The  whole  cost  of  a  ton  of 
metal  would  stand  thus: — 

Three  tons  of  ore  delivered  7  jO 

Halt  1  ton  of  limestone  burned  1  oO 

Five  tuns  of  tjal   ore   and  hme  mixed  -    0 

Lahur   ls.0  -    0 

Cost  pel  ton  f  14  0(1 

This  undt,r  ordinary  circum'^tanccs  might  be  reduced  one  fourth  ^iince  the  h^uroa 
above  ire  all  given  at  maximum  rates  But  at  the  full  rates  for  the  be^t  ores  the 
margin  lies  m  tho  difFereni,e  in  the  prii,e  of  coal  sin  e  the  preparation  of  the  five  tons 
of  mixture  would  not  exceed  half  the  cost  of  coal  as  now  used  m  the  fumaoei 
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CHAPTER    XXV. 

MINE  8URVE\1M^   AND   ilsGINEERINO. 


.  Lonsitndliuil  ajid  Travcrao  Plane— Mine  Survej  tng— Suirevlo^  nlthout  die  MagBell 
Tables— Converting  Angles  to  Bearings— HipothsD  lae  Radius— Ptrpendicolar  Radius— Base  Radius— Plane 
Trigonometrj— ProblemB— Pitareburg  Mine— Veilical  Snrvejing- Meianremeal  of  Heighls— HoriMintal  or 
Tfawrae  Survejing— Shafting— Sloping— Tunnel:  ng  ic 

Is  this  chapter  wo  will  trj  to  present,  in  a  clear  and  comprehensiye  manner,  a  sjatem 
of  mine  surveying  or  dialling  whicli  should  be  understood  and  practised  bj  every  super- 
intendent of  extensive  mines  where  professional  engineeis  are  not  employed.  But  no 
man  is  fully  competent  to  design  and  operate  an  extensive  mining  establishment  who 
has  not  the  ability  to  put  his  plans  on  paper  and  verify  them  by  mathematical  demon- 
strations. To  do  this,  the  compass  must  be  used,  and  used  correctly.  In  all  the  operap 
tions  of  mining,  this  instrument  is  frequently  required.  Without  it  there  is  no  certainty, 
and  but  little  order.  If  the  superintendent  or  inside  manager  cannot  use  the  compass, 
there  is  always  danger  of  confusion  and  error,  A  professional  surveyor  is  not  at  home 
in  the  mines,  and  is  only  taken  inside  once  a  month,  or  perhaps  not  so  often,  and  then 
more  for  the  purpose  of  plotting  the  mine  than  for  the  purpose  of  laying  out  the  work 
and  keeping  it  in  order. 

But  we  need  no  argument  to  prove  the  utility  of  this  art,  and  its  value  to  mine  en- 
gineering. It  is  indispensable,  and  should  be  part  of  the  education  of  every  mining 
manager  or  superintendent.  By  mining  superintendent  wo  mean  the  agent  or  manager 
■who  is  responsible  for  the  mining  operations. 

The  professional  engineer  of  mines  should,  of  course,  possess  a  wider  range  of  the  en- 
gineering sciences  than  this  short  chapter  on  mine  surveying  will  present.  However  im- 
jiortant  it  may  be  that  he  possess  the  practical  information  required  for  the  designing 
of  mines,  and  however  certain  it  may  be  that  they  are  generally  deficient  in  this  part  of 
their  profession,  we  cannot  suppose  them  deficient  in  the  use  of  the  compass  or  in  civil 
engineering.  We  do  not,  therefore,  write  for  the  purpose  of  informing  professional 
mining  engineers  on  this  branch  of  our  subject,  but  for  the  instruction  of  that  extremely 
useful  profession,  the  mining  superintendent,  who  must  be  supposed  to  be  in  possession 
of  the  practical,  however  deficient  in  the  scientific,  branches  of  his  business. 

We  will,  therefore,  use  plain  language,  and  try  not  to  go  beyond  the  depth  of  ordi- 
nary comprehension,  since  we  write  for  the  instruction  of  those  who  know  little  of  the 
art  of  surveying  or  mine  engineering;  those  who  are  an  Jail  of  the  science  must  not 
expect  to  find  the  matter  treated  in  a  strictly  professional  manner. 

We  propose,  however,  to  follow  "Budge's  Practical  Mine  Surveying,"  as  the  clearest 
exposition  we  can  find  oa  this  subject;  and  the  tables,  diagrams,  and  examples  are 
mostly  from  bis  work.  In  some  eases  the  mode  may  be  different  from  that  generally 
used,  and  some  of  the  rules  may  be  old,  but  for  the  learner  or  the  practical  miner  they 
will  be  found  more  easy  to  acquire  and  practise  than  the  more  elaborate,  though  more 
perfect,  instruments  and  tables  of  the  profession,  as  now  adopted. 
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PLANS   0?   MINES   AND   MINING   PROPERTIES. 

It  ia  not  only  useful,  but  necessary,  that  plana  eliould  be  made  and  preserved  of  all 
mining  estates  and  mining  operations.  They  cot  only  present  the  whole  scheme  of 
operation  to  the  eye  and  the  mind,  bringing  the  facts  and  natural  advantages  to  a  focus, 
and  thus  suggesting  the  course  and  mode  of  operation,  hut  also  present  a  record  of  the 
workings  indispensable  to  the  management,  and  important  and  instructive  to  all  inte- 
rested. 

All  mining  operations  are  to  a  certain  extent  intricate;  and,  while  it  is  possible  for  a 
manager,  who  planned  and  executed  the  workings,  to  retain  a  good  general  impression 
of  all  the  avenues,  headings,  lur-courses,  breasts,  &c.  in  the  mine,  he  cannot  be  sure  of 
his  points,  or  fail  to  fall  into  confusion  by  frequent  changes  of  dip,  which  we  so  often 
meet  with.  But  even  if  he  could  retain  all  this  in  memory,  and  provide  against  de- 
rangement, he  cannot  transmit  those  "  memories"  to  a  successot,  or  convey  to  others, 
and  perhaps  to  thojte  most  interested,  any  clear  impression  of  his  works,  plans,  or  inten- 
tions. It  ia,  therefore,  indispensable  that  plans  of  mines  should  be  made,  extended,  and 
preaerved,  even  if  the  mine  may  be  limited,  since  it  cannot  be  known  to  what  extent  it 
may  be  enlarged,  or  how  soon  it  may  be  abandoned. 

A  deep  mine  filled  with  water,  of  which  no  record  is  filed  or  plan  preserved,  not  only 
depreciates  the  value  of  the  property  on  which  it  exists,  and  all  other  properties  in  the 
same  basin  or  in  the  vicinity,  but  is  aiwaya  a  menace  to  all  future  operation  in  the 
neighborhood.  We  have  noticed  the  fruits  of  tiiia  careleasness  particularly  in  the 
Richmond  (Virginia)  coal-field;  but  ita  evils  exiat  perhaps  to  a  greater  extent  in  the 
anthracite  regions,  where  many  an  old  haJf-eshausted  colliery  has  been  abandoned 
without  leaving  a  note  or  a  mark  to  show  the  estent  or  direction  of  its  excavations. 

Millions  of  tons  of  water  accumulate  in  the  old  workings,  and  perhaps  might  never 
be  drained  by  direct  pumping.  But  other  operations  may  he  carried  on  in  the  same 
basin,  and  it  can  never  be  certainly  known  when  and  where  the  danger  may  be  met.  A 
blast  may  shatter  the  protecting  barrier,  and  in  a  few  minutes  the  whole  mine  and  all 
in  it  may  be  overwhelmed  and  drowned.  This  is  not  a  stretch  of  the  imagination,  but 
an  occurrence  that  has  happened,  and  which  we  hare  no  doubt  will  again  happen  when 
abandoned  properties  are  reclaimed,  since  there  is  no  certain  mode  of  providing  against  it. 
We  will  give  a  case.  A  slope  may  be  six  hundred  feet  deep,  and  all  the  avwiable 
coal  extracted  from  boundary  to  boundary.  This  is  on  one  side  of  the  basin.  The 
slope  is  not  sunk  deeper;  but  a  dip-level  or  small  proof-slope  is  sunk  to  the  depth  of 
150  feet  to  a  point  near  the  bottom  of  the  basin.  This  trial-slope  is  simply  a  narrow 
"heading"  driven  down  the  dip  of  the  seam;  what  it  developed  is  not  known,  since  the 
mine  is  abandoned,  engine  removed,  and  the  old  workings  filled  with  water.  Years 
pass  by,  and  eventually  a  new  slope  is  started  on  the  same  seam,  but  on  the  opposite 
side  of  the  basin.  The  first  and  second  lifts  are  worked  out,  and  a  third  lift  reaolios 
the  basin;  hat  no  danger  is  apprehended,  since  the  old  works  are  not  driven  to  the 
bottom  of  the  basin,  and  no  plana  remain  to  point  oat  the  dip  or  trial-slope,  and  no 
one  has  any  knowledge  or  recollection  of  it.  The  result  is  almost  certainly  fatal, 
since  nothing  but  a  rare  chance  conld  discover  the  communication.  It  might  be  cut 
without  a  moment's  warning,  and  nothing  could  save  the  mine  from  instant  destruction. 
This  ia  not  a  rare  case;  we  have  known  it  to  happen,  and  we  know  it  may  happen 
again,  since  many  of  our  old  collieries  are  left  in  tliis  condition  or  in  an  analogous  one. 
It  is  fortunate,  however,  that  most  of  our  abandoned  collieries  are  above  water-level, 
and  in  them  this  danger  cannot  exist. 

It  matters  little  how  limited  and  primitive  the  mining  operations  which  may  be 
carried  on  below  water-level,  all  coal  operators  owe  it  to  each  other  to  preserve  plans 
of  their  mines.     It  is  the  direct  interest  of  tho  proprietors  of  coal  lands  to  compel  the 


a  b,  Google 


488  MINISG    ECONOMY. 

execution  of  plans  by  making  such  a  Btlpulation  in  all  leasea,  and  it  is  a  duty  which 
government  wes  to  its  citizens  to  see  that  their  lives  are  guarded  against  in  this  par- 
tioulai  since  this  neglect  is  as  criminal  as  the  setting  of  "trapgnns"  and  "pitfalls"  in 
tlie  highway*! 

We  miy  hero  perhaps,  state  a  proposition  which  seems  to  na  as  one  of  great  imports 
anoe  to  the  mming  community.  The  anthracite  coal-fields  of  Pennsylvania  are  a 
mono[  ly  tu  the  btate  and  of  immense  value  to  her  prosperity.  They  constitute  a 
eouroa  of  wealth  of  more  value  to  her  as  a  commonwealth  than  the  ability  to  draw  at 
pleasure  from  some  foreign  source,  if  such  were  possible,  an  amount  of  gold  equal  to 
the  total  annual  value  of  her  coal-trade;  therefore,  any  thing  that  depreciates  this 
source  of  wealth  depreciates  to  the  same  extent  her  sources  of  income. 

A  feepeJ-o/'i/ie»«eOT'(is  of  her  mineral  wealth  is,  consequently,  as  necessary  as  are  her 
secretaries  or  treasurers.  The  duties  of  such  an  office  we  cannot  here  take  time  to  enume- 
rate, but  they  will  be  suggested  fo  the  mind  of  any  observant  and  intelligent  man. 

The  mining  and  manufacturing  interests  of  the  State  are  the  paramount  sources  of 
her  industrial  and  progressive  wealth,  and  must  continue  to  be  so.  In  order  (o  render 
them  arailable  and  lasting,  they  must  be  economized.  This  cannot  be  done  without 
some  system  of  encouragement  to  their  development,  and  protection  against  waste  and 
wilful  ignorance,  as  well  as  against  foreign  competition.  A  faithful  record  of  the  pro- 
gress of  the  trade  and  development  of  our  mineral  wealth,  and  statistical  returns  of  the 
same,  would  be  not  only  useful  and  instructive  to  the  miner,  the  iron-master,  acd  oil- 
merohant,  but  would  display  to  the  wealth  of  the  world  inviting  fields  of  enterprise. 
A  bureau  of  reference  would  be  established,  where  the  plans  of  all  our  mines  would  be 
filed  yearly.  The  ventilation  of  our  deep  mines  should  be  displayed  and  compared  in 
such  a  manner  that  errors  may  be  detected  and  corrected.  The  esperienoe  of  the 
world  might  be  gathered  together  by  the  "keeper  of  mining  and  mineral  records," 
and  all  that  practical  skill,  invention,  science,  or  art  has  done  for  otiicrs  may  be 
made  available  to  us, 

TOrOGEAPHICAL  PLANS. 

In  order  to  present  to  the  inexperienced  or  unprofessional  a  comprehensive  view  or 
impression  of  subterraneous  workings,  it  is  necessary  to  present  four  views  of  the  mine 
and  its  location. 

1.  A  topographical  plan, 

2.  A  horizontal  or  working  plan. 

3.  A  longitudinal  or  side  view. 

4.  A  transverse  or  end  view. 

The  topographical  plan  is  a  surface  map  of  the  mining  estate,  or  boundaries  of  the 
mine.  It  shows  the  extent  and  concoctions  of  the  property  with  surrounding  lands  and 
with  the  markets,  and  the  location  of  the  mines.  A  complete  topographical  map  should 
also  be  a  geological  one.  In  addition  to  the  boundaries,  connections,  locations  of  hills, 
streams,  places,  mines,  and  roads,  the  outcrops  of  all  the  veins  or  seams  should  be  laid 
down,  and  their  dips  and  axes  given.  The  outcrop  may  be  shown  by  a  heavy  black 
line  following  the  strike  of  the  seam,  and  the  axes  bj  blue  lines  running  on  the  apex 
of  the  saddles,  or  in  the  centres  of  the  basin;  arrows  pointing  towards  each  other 
denote  basins,  or  synclinal  axes,  and  those  pointing  in  opposite  directions  denote  saddles, 
or  anti.clinal  axes;  an  arrow  pointing  along  the  lino  of  the  axis  denotes  its  elevation  or 
depression;  the  direction  in  which  the  arrows  point  always  denotes  the  direction  of  the 
depression. 

If  the  estate  is  exten         and      t  n  1        t    le    f  the  coal  measures,  light  shades  of 
color  may  be  used  to  div  dthgl^      If    ma   ons:  for  instance,  the  coal  n 
may  be  a  dark  tint,  the  I  m    at    bin      h        1  shale  pink,  and  the  Vespertini 
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proto-Carboniferous,  yellow,  or  some  liarmonizing  color.  The  beds  of  ore  maj  be 
crimson,  add  the  roads  may  be  fine  double  lines  in  black,  with  the  railroads  crossed. 

When  it  is  possible  to  do  so  with  any  correctness,  it  is  important  that  transverse 
longitudinal  and  vertical  sections  should  be  constructed  on  the  margins  of  the  map.  In 
fact,  an  engineer  is  not  capable  of  correctly  locating  a  shaft  or  mine  until  such  sections 
can  be  constructed  at  least  approsimately.  The  general  dip  of  the  strata  and  a  few 
trial-pits  should  always  enable  the  en^neer  of  mines  to  comprehend  the  axes,  dips,  and 
strikes  of  the  seams  or  lodes;  for  this  applies  as  truly  to  ores  as  to  coal.  We  have 
given  on  our  map  of  tiie  anthracite  coal-fields  sections  of  this  character,  which,  how- 
ever, are  given  more  for  the  purpose  of  conveying  an  approximate  idea  of  the  general 
form  and  connection  of  our  coal-fields  than  for  local  information.  No  geological  survey 
or  general  location  of  axes  of  formation  can  be  depended  on  for  local  operations.  Each 
property  or  mining  estate  should  be  closely  and  carefully  examined  and  surveyed,  and 
the  exact  location  of  outcrops,  axis,  and  dips  laid  down,  before  any  attempt  is  ma^e  to 
develop  the  property ;  otherwise,  errors  which  may  be  irreparable  are  always  imminent. 

When  a  mine  is  located,  it  is  always  done  after  a  certain  amount  of  inspection,  and 
on  tie  judgment  of  a  practical  mining  buperintendent.  But,  with  the  best  judgment, 
this  is  a  hap-haaard  mode  of  proceeding.  If  the  same  judgment  was  made  use  of  after 
a  thorough  esammation  and  survey,  with  the  location  of  the  chief  points  on  the  map 
before  it,  there  would  be  more  certainty  than  gitess-wori,  and  in  nine  cases  out  of  ten 
there  would  be  good  resuits,  A  mathematical  and  geometrical  demonstration  is  proof 
to  the  practical  judgment,  and  the  mind  may  be  easy  under  the  responsibility  of  the 
vast  expraiditure  attending  the  development  of  deep  mines,  which  cannot  be  the  case 
when  it  is  all  ventured  -m  a  guess:  therefore,  if  §50,000  or  $100,000  is  not  saved  by 
a  little  judicious  preliminary  esamination,  much  peace  of  mind  and  satisfaction  cer- 
twnly  may  be  the  result. 

We  do  not  say,  howeror,  that  ani/  surveyor  or  enginPer  may  make  such  an  esaminar 
tion  and  come  t"  a  satisfactory  conclusion.  It  would  be  better  to  trust  to  the  practical 
judgment  of  some  experienced  party  than  to  depend  on  the  investigations  of  an  irre- 
sponsible engineer.  But  wo  do  say  that  even  such  a  survey  may  be  useful  and  m- 
struotive  to  the  exporieneed  mining  superintendent  if  done  under  his  instruction  and 
eye.  It  would  be  far  better,  however,  if  the  mining  superintendent  were  capable  of 
doing  the  work  himself,  and  we  think  any  intelligent  man,  capable  of  so  responsible 
a  situation,  may  so  prepare  himself  with  reasonable  application. 

HORIZONTAL  OR  WORKING   PLAN. 

This  is  the  mining  plan  and  guide,  and  whoever  attempts  to  conduct  an  extensive 
mining  operation  without  such  a  guide,  or  working  plan,  does  injustice  to  himself  or 
his  employer. 

This  plan  gives  a  "bird's-eye  view"  of  the  under-ground  excavations,  or  such  as  could 
be  seen  in  reality  if  the  ground  were  removed  from  above  the  mine,  or  if  it  were  trans- 
parent and  we  could  behold  the  numerous  avenues  and  workings  in  the  subterranean 
escavatlons.  It  portrays,  on  a  miniature  scale,  all  the  gangways,  headings,  mr-courees, 
tunnels,  breasts,  inclines,  &c.  &c.,  with  the  solid  coal  in  advance,  and  the  goaf,  or  exca- 
vated portions,  in  the  abandoned  parts  of  the  mine. 

But  in  this  horizontal  view  we  only  see  the  top  or  mouth  of  the  shaft,  which  is  repre- 
sented on  the  paper  as  the  area  of  the  diameter.  It  gives  no  idea  of  the  perpendicular 
height  or  depth  of-shafts.  slopes,  inclines,  or  breasts.  This  can  be  obtained  only  from 
the  transverse  section.  Nor  would  it  represent  the  dip  or  underlay  of  the  seam,  which 
is  also  shown  by  the  transverse  section. 

These  plans  are  always  drawn  to  a  scale,— say  from  20  to  100  feet  to  the  inch ;  per- 
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haps  from  30  to  50  feet  to  the  inch  maj  be  the  heat  scales  for  mining  plana.  If  regular 
scaled  drawing-paper  is  not  used,  it  is  weli  to  draw  faint  lines,  two  inches  apart,  at 
right  angles  across  the  paper,  from  north  to  south  and  from  east  to  west.  These  are 
to  remain  and  act  as  cardinal  points,  and  serve  as  a  base  for  protraction  without 
hringing  ap  nortli  and  south  lines  for  that  purpose.  Tboy  also  serve  to  indicate  the 
course  of  levels,  and  act  as  proof  of  the  surveja,  as  well  as  a  guide  to  the  plotter. 

This  plan,  well  constructed  and  proved,  becomes  invaluable  to  the  Hianager.  lie  has 
before  him  a  complete  miniature  of  the  mine,  and  can  tell  at  once  where  a  tunnel  may 
he  driven,  a  slope  put  up  to  meet  a  descending  one,  a  shaft  started  from  the  bottom  or 
the  top,  and  the  best  mode  of  drainage,  ventilation,  and  general  working  is  suggested 
or  presented.  He  is  not  liable  to  get  the  mine  in  disorder  or  confusion  hj  increasing  or 
decreasing  dips,  and  consequent  changes  in  the  strike  of  the  seam,  and  course  of  the 
workings  of  the  mine. 

LOt  trlTUDIh  iL  PL  VN 

Tliia  view  is  not  a  very  importint  une  in  general  ci>al  in  ninn  operations,  csoopt  in 
cases  of  steep  dips  and  extensive  workmgs  It  presents  a  cide  vipw  of  tlie  mine,  and 
gives  the  perpendicular  height  and  positions  of  shafts,  gangways,  air-courses,  and 
counter-levels,  but  conveys  no  good  impres'ion  of  mclmes,  breasts,  or  slopes,  more  than 
may  be  given  in  the  horizontal  plan  yet  no  mmmg  plan  of  pitching  seams  or  lodes  is 
complete  without  this  view  to  the  in'pection  of  the  inexperienced.  It  may  not  be 
necessary  to  the  professional,  yet  it  la  almost  impossible  to  convey  a  proper  and  clear 
impression  of  the  plans  and  intentions  of  the  mining  superintendent  to  those  who  are 
not  an  fait,  without  the  aid  of  this  view  of  the  mine 

TRANSVERSE  PLAN. 

This  view  of  mining  operations  in  works  on  pitching  seams  is  as  important  as  the 
longitudinal  plan,  if  constructed  for  the  purpose  of  conveying  general  information  to 
those  interested,  as  well  as  a  guide  to  the  management. 

This  is  an  end  view  of  the  works,  and,  if  taken  at  a  single  point,  represents  but  a 
limited  portion  of  the  under-ground  operations.  In  the  case  of  a  shaft  on  a  flat  seam, 
we  get  the  perpendicular  height  of  the  shaft,  the  point  of  intersection  with  tlie  coal- 
seam,  the  extent  to  left  and  right  of  the  seam,  and  the  course  of  the  chambers  and 
avenues  radiating  from  the  main  levels  or  gangways.  It  also  shows  an  end  view  of  tlie 
parallel  gangways,  air-ooursea,  and  headings. 

In  a  pitching  seam  it  gives  the  dip  of  the  coal,  and  the  size  and  dip  of  the  slope,  with 
th     1      t  f  y  eour  t     1      1  d        t     d  ains.     This  view, 

th      f  p  ta      ly  p      t         th    1        t  di     1  pi  ross-section  of  the 

h  tal  pi  g         1  If  th    d  p  f   m       1  ti     plan  of  the  works 

g  1        th         t  1  gl  ffi  t  g     I  impression  of  the 

wh  1      h  t    f  th     d  p  d  th    pi         t     p  rat  I  is  necessary  that 

t  rs         t         Itk         taclptwhth         hg  in  their  n 


Th    h  t  1  pi       m        h  t      t  d  f    m  th         tea   f  th      urvey,  or  from  the 

gee      Ikb       hlglil       dtra  set        mybe  made  in  the 

o&ee,  hy  the  aid   fistu   e    sadc  mp 

No  work  of  this  kind  is  of  much  service  if  it  is  not  correct,  since  the  nice  calculations 
that  sometimes  become  necessary  in  mining  operations,  for  starting  shafts,  slopes,  or 
aJr-cour^es  at  both  ends, — that  is,  above  and  below, — require  the  survey  to  be  proved  as 
it  progresses,  by  fore  and  back  sights ;  and  when  upper  and  lower  levels  are  surveyed 
or  run,  ci"rj  point  of  ititersection,  where  the  ccurse  of  the  cross-cut  or  incline  can 
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be  obtained  sbould  be  marked,  since  they  tend  to  coDfirm  the  distances  if  not  the 
leaiinga  If  the  suney  ia  made  by  double  sights,  or  fore  and  aft  dialliog,  it  ia  plain 
that  the  two  flual  sums  of  the  traverse  will  demonstrate  the  agreement  or  the  differ- 
01  e  When  satislied  of  the  correctness  of  tie  survey,  it  is  carefully  protracted  on 
(he  [Ian  and  to  poye  that  tho  work  has  been  properly  done,  we  apply  the  compu- 
t  tion  uf  the  d  ■ill  ng  say  we  had  807  feet  of  westings  and  208  feet  of  southings, 
apply  th.  se  numhera  to  the  plan  by  scale,  and,  by  the  aid  of  the  cross-lines  or 
iinal  p  mtB  pro^e  whether  the  latitude  and  longitude  of  the  levela  surveyed  ov  laid 
n  the  plan  conform  to  tJaese  lines. 


MINE  SURVEYING. 

In  the  following  instructions  on  mine  suryeymg  wc  confine  ourselves  to  such  rules 
and  examples  aa  apply  to  coal-mining  in  particular,  but  which  may,  nevei-theless,  be 
used  in  all  niining  operations.  The  simple  change  of  name  from  seam  to  lode,  or  irom 
gtmgwiay  to  lewl,  in  the  phraseology,  is  about  all  (he  difference.  In  fact,  most  of  our 
esamplea  are  from  Budge's  Practical  Miner's  Guide,  whith  was  written  principally  for 
tlie  Cornish  copper  and  tin  miners.  We  have  simply  changed  the  phraseology  in  some 
caaea  to  adapt  the  rules  to  coal-mining. 

We  think  tho  tables,  rules,  and  esamplea  given  will  be  found  to  cover  all  tie  require- 
ments of  mining  superintendents.  When  difficult  and  delicate  surveya  on  important 
occasions  are  demanded,  a  professional  engineer  of  minea  may  be  consulted ;  but  there 
are  few  cases  in  mining  esporienoe  which,  the  simple  rules  and  eiamples  we  give  will 
not  embrace. 

In  order  to  form  good  and  careful  habita,  and  make  correct  surreys,  some  uniform 
system  should  be  followed  and  strictly  persisted  in.  We  do  not  wish  to  prescribe  an 
unalterable  form  or  order  in  commencing  and  conducting  a  survey,  but  give  what  we 
consider  a  good  one;  those  who  find  better  systems  may  use  them;  but  me  would  recom- 
mend earnestly  that  they  should  not  be  liable  to  lead  to  error,  or  be  open  to  mistakes 
and  confusion. 

In  conducting  under-ground  surveys,  when  they  are  intricate,  and  embrace  numerous 
tunnels,  cross-cuts,  inclines,  or  diverging  levels,  it  is  important  that  these  should  not 
become  confused  with  tie  main  traverse.  If  those  branches  are  surveyed  as  tho  main 
lino  advances,  they  should  always  bo  numbered  as  distinct  lines,  and  if  noted  in  the 
order  in  which  they  occur,  should  always  be  carefully  marked  and  numbered,  so  that 
not  only  the  writer,  but  any  other  practical  man  may  read  and  understand  them. 

Wo  may  also  recommend  all  new  beginners — and  perhaps  the  rule  applies  to  the  pro- 
feaaional  also — to  let  the  sight  or  vane  fixed  at  360°  always  take  the  lead,  and  the  sur- 
veyor's eye  placed  at  the  opposite  vane,  or  end  of  the  compass  or  theodolite,  except 
when  taking  back  observations.  The  remarks  in  eonnectaon  with  the  converting  table 
on  page  495  will  explain  this  more  clearly. 

In  horizontal  surveying,  let  two  drafts  be  made  IVom  every  station,  which  will  ex- 
pedite the  work,  as  the  surveyor  will  only  have  to  wait  for  the  settling  of  the  needle 
onco,  instead  of  twice  by  the  other  method. 


SURVEYING  WITHOUT  THE  MAGNETIC  NEEDLE. 

This  is  a  comparatively  new  method  of  mine  surveying.  "  Necessity  ia  tlic  mother 
of  invention,"  and  the  introduction  of  railroads  and  "tram-ways"  in  mines  drove  the 
surveyor  to  seek  some  substitute  for  the  needle, — which  the  attraction  of  the  iron 
rendered  useless, — and  he  has  succeeded. 
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In  some  mines  the  preaeuce  of  iron  ores  also  attracts  tlie  needle,  while,  j 
correct  survey  oan  be  made  under  ground  in  our  coal-mines  witliout  the  circumferentor 
or  vernier  stale  on  the  outside  of  the  compass  or  theodolite. 

The  method  of  surveying  on  this  principle  differs  from  the  magnetic  method  chiefly 
in  one  particular,  namely,  that  in  every  fresh  draft  the  position  of  the  hearing  must  be 
ascertained  by  the  bacli  observation  in  the  direction  of  the  sights,  and  the  angle  made 
at  the  old  station  must  be  obtained  and  preserved  at  the  new  station ;  and  this  is  evident, 
because  we  have  no  magnet  for  our  guide.  For  example ;— Suppose  we  are  surveying 
over  a  railway  in  a  level,  and  the  last  observation  was  259";  after  measuring  the  length, 
the  instrument  is  removed  and  carried  forward  to  the  place  of  the  light  whore  the  angle 
was  taken,  and  a  mark  and  light  left  at  the  old  station.  Then,  after  the  instrument  has 
been  adjusted  in  its  true  place,  the  nest  act  of  the  surveyor  is  to  place  the  centre  of  the 
vernier  on  259",  as  it  stood  at  the  old  station  and,  it  the  instrument  does  not  more  by 
rack-work,  he  must  keep  all  firm  with  his  hands,  and  turn  the  head  toward  the  last 
station  until  the  candle  is  seen  through  the  sighia  He  then  removes  behind  the  instru- 
ment, and  moves  the  sights  in  the  direction  for  the  nest  draft,  where  Ihe  assistant  is 
holding  a  light  for  the  purpose  (the  graduation  being  fixed),  and  this  new  draft  gives 
(say)  2701°,  showing  a  difference  between  the  two  drafts  of  llj".  Although  this  process 
somewhat  tedious  in  description,  it  is  simple  in  practice,  and  the  history  of  one  draft 
as  well  as  a  hundred;  and  we  may  observe  that,  with  proper  care  and  judgment,  this 
the  most  perfect  method  of  surveying,  because  there  is  no  risk  of  attraction;  and,  as 
the  circle  is  much  larger  than  the  inside  plate,  and  the  divisions  more  distinct,  together 
with  the  vernier  sunle  being  applied,  the  angle  can  he  read  off  to  one  or  two  minutes, — n 
nicety  which  cannot  be  attained  by  the  needle  in  the  oommon  way.  It  is  hardly  neces- 
sary to  state  that,  in  order  t«  obtain  the  bearing,  there  must  be  at  least  one  draft  in  the 
traverae  where  the  jieetKe  tamt  be  brought  into  play,  and  this  draft  will  determine  tlie 
polarity  or  direction  of  the  whole. 

Further,  let  it  be  remarked  that  a  sui'vey  may  be  resolved  into  bearings,  and  worked 
trigonoroetrically,  when  this  metliod  is  used,  as  by  flie  needle. 

Suppose  a  case  that  we  are  about  to  survey  over  a  railway,  but  there  is  space  enough 
clear  of  iron  for  the  first  draft ;  and,  taking  the  observation  with  the  needle,  we  find  the 
north  point  (a  right-hand  compass)  stand  at  176^° ;  we  then  fix  the  outer  circle  with  the 
vernier  precisely  at  the  same  point,  and  then,  throwing  off  the  needle,  perform  all  the 
remainder  of  the  traverse  by  means  of  the  outer  circle.  Hence  it  will  be  evident,  then, 
if  the  outward  circle  is  aiso  graduated  towards  the  right  hand,  that  the  whole  course  will 
come  under  the  immediate  operation  of  the  "  converting  table,"  as  if  the  work  had  been 
performed  with  the  needle;  and  ifthe  graduation  should  be  reversed,  the  "left-hand" 
bearings  will  apply  aocordinglj,  regard  being  had  to  inversion  in  both  cases. 

This  instrument  is  also  well  adapted  for  taking  the  bearing  of  slopes  having  a  lift 
of  iron  pumps, — a  job  that  has  often  baffled  the  skill  and  ingenuity  of  engineers  and 
occasioned  numerous  and  most  serious  errors. 

The  operation  may  be  performed  thus.  Suppose  we  are  in  the  first  lift,  and  from 
thence  to  the  second  the  slope  dips  3  feet  in  6  northerly.  By  applying  the  instrument 
at  some  point  in  the  level  near  the  slope  {but  far  enough  away  to  be  free  from  attraction 
by  the  pumps),  we  find  the  bearing  by  the  needle,  to  a  point  opposite  the  slope,  to  be 
due  west,  and  the  vernier  on  the  outer  rim  standing  at  90°.  We  then  remove  the  instru- 
ment to  the  slope,  where  the  light  was  held,  and  adjust  the  back  observation  as  before 
directed,  having  90°  on  the  outer  rim,  and  the  needle  thrown  off  as  useless,  because  we 
are  now  close  to  the  pumps.  A  light  ia  to  be  carried  down  the  slope  as  far  as  it  can  be 
seen,  and,  after  the  graduated  circle  has  been  screwed  fast,  the  rack  is  applied,  and  the 
Bights  turned  until  we  cut  the  candle  in  the  bottom  of  the  slope.  This  being  done,  we 
and  read  off  the  degree  against  the  point  of  the  vernier,  which  proves  to  be 
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(say)  187}".  Now,  as  ■when  the  inatrument  stood  in  a  due  west  position  the  outer 
circle  stood  at  90°,  and  in  taking  the  bearing  it  stood  at  187}",  therefore,  by  subtracting 
90°  from  187|°  we  find  the  gain  to  the  right  hand  of  west  ia  97J°,  and,  the  dip  heing 
northerly,  tie  true  hearing  of  the  shaft  is  TJ"  east  of  north. 

The  imperative  call  far  accuracy  in  cases  of  this  kind  ■will  he  seen  when  it  ia  con- 
sidered that  tho  diagonal  part  of  this  slope  is  upwards  of  240  feet,  and  the  dip  3  feet  in  6: 
consequently,  the  whole  base  is  mora  than  120  feet,  and  an  error  in  tlie  bearing  has 
the  same  effect  on  the  survey  as  if  it  had  been  made  in  taking  a  horizontal  draft  of  120 
feet  long,  and  on  which  an  error  of  4°  would  throw  the  end  of  the  line  nearly  9  feet  too 
ftir  either  to  the  right  or  left. 

Should  a  surveyor  be  called  to  do  a  job  of  this  kind,  in  the  absence  of  a  suitable 
instrument  he  may  aocomplish  it  in  the  following  manner.  Let  him  fii  a  cross-staff  in 
such  a  position  that  through  one  pair  of  sights  ho  can  see  the  candle  in  the  slope,  and 
in  the  line  of  the  other  p^r  he  has  the  compass  fixed  in  the  level,  out  of  the  way  of  the 
attraotion:  consequently,  the  light  in  the  slope  and  the  compass  in  the  lerel  are  two 
objects  forming  a  right  angle  with  his  cross-staff.  Ho  then  requests  his  assistant  to 
look  at  a  light  held  immediately  over  the  head  of  bis  cross-staff  through  the  sights  of 
the  compass,  and  he  finds  this  (say)  12°  north  of  west;  and,  as  the  bearing  of  the  shaft 
is  exactly  at  right  angles  with  this  line,  if  the  dip  is  northerly  the  hearing  of  the  shaft 
vrill  be  12°  east  of  north;  if  southerly,  12°  west  of  south.  The  beat  cross-staffs,  or 
instruments  for  the  eiprew  purpose  of  taking  right  angles,  are  now  made  of  a  hollow, 
ejlindrical  shape,  of  brass,  with  cats  or  apertures  for  taking  the  observation;  but  a 
substitute  may  he  used,  on  a  pinch,  by  drawing  two  lines  at  right  angles  on  a  board 
about  sis  inches  square  and  an  inch  thick.  Let  these  lines  be  out  half  an  inch  deep 
with  a  fine  saw,  and  then  fix  the  hoard  on  a  three-feet  stand;  if  the  lines  are  truly 
drawn  and  cut,  this  rough  instrument  will  serve  until  a  better  one  can  be  procured. 

CONSTRUCTION. 

The  old  method  in  laying  down  a  traverse  was  by  drawing  a  parallel  line  and 
removing  the  protractor  at  every  draft.  The  evils  of  this  practice  are  too  glaring  to 
require  remark. 

Pis  your  protractor  and  lay  off  aa  many  drafts  as  will  come  within  the  convenient 
range  of  your  parallel  ruler;  number  them  in  order  as  they  stand  in  your  dialling- 
book;  remove  the  protractor  and  lay  off  the  first  draft  from  the  centre  direct;  then 
apply  the  protractor  to  the  centre  and  No.  2,  and  make  the  parallel  movement  until  you 
touch  the  end  of  the  last  line,  or  No.  1,  and  then  draw  and  point  off  the  length  of  No. 
2,  and  so  on  through  all  the  drafts  you  have  pointed  off  from  the  protractor. 

The  advantages  of  laying  down  or  pointing  off  a  number  of  drafts  at  one  fixing  of 
the  protractor,  and  then  applying  them  in  their  true  length  and  position,  is  most  con- 
spicuous; and  the  geometrician  will  testify  of  its  superiority,  both  as  it  regards  accu- 
racy and  expedition. 

CONVERTING   TABLE. 

Remarks  on  the  following  table  for  converting  the  degrees  recorded  in  the  dialling-book  of 
an  under-ground  survey  into  the  learings.  {See  Table,  page  495.) 
AH  practical  men  are  aware  of  the  difficulty,  hazard,  and  delay  that  attend  an 
attempt  to  obtain  the  bearing  of  every  draft  under-ground  in  a  long  and  complicated 
survey.  The  best  process  is  to  record  the  degree  or  angle  only  at  which  the  needle 
settles,  and  after  the  work  is  finished  under-ground;  then  convert  the  various  angles 
into  the  real  bearing  or  ti'ue  direction  of  each  draft;  and  we  may  remark  that  the  bear- 


n  by  Cookie 


494  MINISG   ECOSOMY. 

inga  mitsi  be  obtained  if  the  work  is  to  be  mathematically  proved.  But,  iia  it  is  not  an 
easy  matter  to  turn  a.  long  course  of  surveying  into  the  heflringa  with  an  assurance  of 
being  correct,  this  tahle  has  been  constructed  for  that  exprcsa  purpose;  and  its  utility, 
simplicity,  and  perfection  have  been  acknowledged  by  many  practical  men. 

EXPLANATION. 

All  circnmferentors  (dial,  or  rainci-'s  compass)  are  not  graduated  alike.  In  all  cases, 
360"  standa  at  the  norfji  point,  and  180°  at  the  south;  but  some  ai-e  figured  towards  the 
right  hand  from  the  north  point  (which  we  call  a  "  right-hand  dial"),  and  others  towards 
the  left  hand:  so  that  a  "right-hand  dial"  has  90°  at  the  east  point,  and  a  ■'left-hand 
dial"  has  90°  at  the  west  point.  This  diversity  of  graduation  has  often  caused  much 
perplexity  and  confusion  among  surveyors.  The  following  table  is  contrived  to  suit 
both  sorts  of  instruments,  and  is  so  plainly  arranged  and  marked  as  to  require  but  little 
explanation.  It  must  be  specially  regarded  that  the  table  has  been  constructed  upim 
the  consideration  that  the  eye  of  the  surveyor  has  been  applied  t«  the  south  sight  or 
vane  standing  against  180°;  this  must  be  mvariabli/ Ihe  case.  Hence  the  north  sight 
mvat  always  take  the  lead,  and  the  young  practitioner  may  here  be  told  that  in  survey- 
ing a  level  and  making  double,  or  fore  and  back,  drafts  at  every  station,  that  although 
his  eye  must  be  placed  at  the  iwirlh  sight,  necessarily,  for  the  back  observation,  yet,  as 
the  dial  has  not  been  turned,  the  needle  mil  stand  to  the  true  degree  for  the  record,  and 
no  confusion  or  liability  to  error  can  occur. 

In  converting  an  under-ground  survey,  or  any  other,  from  angles  into  bearings,  it  Is 
obviously  our  first  object  to  know  the  graduation  of  the  instrument  by  which  the  work 
has  been  performed;  and  if  it  has  been  a  "right-hand  dial,"  and  the  first  draft  was  iin 
167",  the  bearing  would  be  13°  west  of  south;  but  if  it  was  done  by  a  "left-hand  dial," 
tho  bearing  would  be  13°  east  of  south  The  only  thing  where  a  liability  to  error  nt 
all  exists  in  obtaining  the  bearings  by  inspection  from  this  table,  and  where  caution  is 
required,  is  in  appliiing  ilie  fraetions-  of  degives  when  theg  occur  in  the  draJU.  On  these 
occasions,  observe  that  when  the  angle  and  bearing  progress  alike,  as  in  all  the  left-hand 
side  of  the  column,  then  the  fraction  mastho  added  to  the  whole  number  of  the  bearinf;; 
but  otherwise,  as  in  the  right-hand  side,  the  fraction  must  be  deducted  from  the  whole 
number.  Lastly,  the  following  desirable  proof  may  be  resorted  to: — ^  tlie  cmirae  has 
been  correeily  converted,  ike  degree  and  bearing  added  together  or  subtracted  from  eiich 
other  mil  moJce  one  of  the  following  numbers:  0,  90,  180,  270,  360;  and  this  may  be 
done  almost  at  a  glance,  after  the  survey  has  been  converted  into  bearings. 
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Note.— This  page  will  bo  found  useful  in  particular  oases  for  long  lines  where  the  angle 
is  required  to  be  very  minule.  It  will  be  seen  that  as  there  ia  but  the  thousanilth  part  of 
an  inch  ditFercnoe  in  one  fithom  between  the  bjpothenuse  ajitl  pcrpcndicnlar  on  the  first 
15',  or  first  J  of  a  degree,  the  introduction  of  the  decimal  at  any  less  fraction  would  be 
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EXPLANATION   OF   THE   DIAGRAM. 


Qscqiiently,  the  other  sides  a 


Table  I. 

In  this  scheme  the  hypothenvise  is  made  radius: 
Kne  and  cosine  of  the  included  angle. 

Corollary. — Suppose  one  end  of  the  line  A  B  to  remaiu  at  A  while  the  other  end  B 
is  moved  round  from  e  to/;  then  it  is  evident  that  the  base  C  B  will  continue  to  increase, 
and  the  perpendicular  B  D  to  decrease,  until  the  whule  quadrant  has  been  swept  off. 

At  45°,  or  the  middle  of  the  quadrant,  the  base  and  perpendicular  ate  equal,  and 
from  that  point  to  90°  the  base  will  increase  in  the  same  ratio  as  the  perpendicular 
decreased  from  1°  to  45°;  hence  tho  propriety  of  the  arrangement  of  this  table  in 
counting  the  degrees  backward  from  45  to  90. 


Here  the  perpendicular  is  made  radius:  therefore  the  hypothenuse  A  C  will  be  the 
secant,  and  the  base  B  C  the  tangent,  of  the  angle  A.  On  this  principle  it  is  clear  that 
aa  tho  angle  increases  the  base  and  hypothenuse  will  continue  (throughout  the  whole 
quadrant)  to  increase  in  proportion. 


Tahlb  in. 

In  this  diagram  the  base  is  made  radius;  therefore,  by  mathematical  demonstration, 
the  perpendicular  A  C  is  the  co-tangent,  and  the  hypothenuse  B  C  the  co-secant,  of  the 
angle  C;  and  here  it  will  be  plain  that  as  the  angle  C  is  increased  the  hypothenuse  and 
perpendicular  will  proportionably  be  diminished. 

EXPLANATION   AND   USE   OP   THE   TABLES. 

The  reader  will  observe  three  distinct  tables,  for  the  obvious  reason  of  making  each 
aide  of  the  triangle  radius. 

In  each  case  the  radius,  or  given  side,  is  one  fathom,  or  sis  feet,  being  the  most  con- 
venient and  familiar  proportion  that  could  have  been  introduced. 

The  principal  calculations  include  every  quarter,  or  fifteen  minutes  of  a  degree,  and 
extend  from  1  to  89  degrees,  being  sufficiently  estensive  and  minute  for  mining  purposes 
(the  angle  of  any  intermediate  division  not  being  distinguisiied  or  required) ;  and  here 
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it  roust  be  observed  that  the  divisions  are  expressed  hj  15,  30,  and  45  minutes,  which 
nuinbera  represeot  ^,  J,  and  ^  of  a  degree. 

The  first  and  most  essential  table  is  that  wherein  the  hjpothenuse,  or  longest  side,  is 
made  radius,  extending  nearly  throughout  the  quadrant,  and  every  calculation  wrought 

ttofidmlpl  f  hhbj  g     diieiit  answer,  in  exact  ratio  to 

ftfth  dlflthteth  dhptfan  inch, 

P    h  p    t!i  y  b         1  itl     d  £E     Ity     t  fi    t    with  persona  unacquainted  with 

th  m  t     I      d  eod    g  th    fi    t  t  b!       It  m  st  be  remarked  that  from  1°  to 

4  th    m  ddl      fthqadttid  d  {.arts  are  all  on  the  left-hand  side 

d  d    g  th     b-w      ta    1  th      d]  1  and  the  perpendicular  on  tlie 

ml  to  th  ght  Itby  dtbtj  tthd  grees  will  be  found  on  the  right' 
7     d     d  nd    g        d  th        t  t  b      p       lly      ted  that  the  perpendicular  and 

b       w  11  1  1      g  d  th       p     t         th    b  tanding  on  tJie  rightrhand  and 

thppd     1  thifthdd 

I    th  1  tall    th    p    p    d     1  g  d  the  angles  extend  to  00°.    One 

1     bl    m       gp    p    ty    fth     tbl        th  t    t  g        at  sight  the  dip  in  six  feet-of 

y      gl        tl       th  g      f  (0  1  d    4,th   d        ons:  so  that  if  it  is  required  to 

know  the  dip  in  sis  feet  on  any  degree,  or  quarter  of  a  degree,  between  1  and  60,  it 

will  be  immediately  discovered  by  an  iaspection  of  the  base  in  the  columa  adjoining 

the  given  angle  in  thie  table. 

In  the  third  and  last  table  the  base  is  given,  and,  as  the  application  of  this  part  of 
the  work  is  not  bo  general  aa  tiie  preceding,  the  angles  have  been  given  in  degrees  only ; 
nevertheless  this  table  is  indispensable  on  some  occasions,  especially  in  levelling  or 
driving  adits.     It  will  be  found,  like  the  second  table,  to  extend  from  1  to  60  degrees. 

Having  thus  briefly  stated  tlje  nature  of  the  tables  under  each  separate  head,  it  only 
remains  for  us,  after  a  few  general  observations,  to  recommend  the  learner  to  the  inspec- 
tion of  the  following  esamples ;  for  we  believe  that  one  practical  operation  will  do  more 
towards  giving  him  a  clear  understanding  or  comprehension  of  the  subject  than  a 
volume  written  esprossly  thereon,  confined  to  mere  speculative  descriptJon. 

It  may  bo  remarked  that  in  almost  every  instance  the  geometrical  construction  of 
the  figure  is  introduced  with  the  calculation,  which  will  tend  to  the  satisfaution  of  the 
practitioner  and  improvement  of  the  beginner. 

In  conclusiou,  we  would  remark  that  the  same  attenfion  must  be  paid  in  taking  the 
angle  and  measuring  the  given  line,  when  these  tables  are  used,  as  if  the  operation 
were  performed  any  other  way. 

It  is  a  common  praetice  in  mining  to  take  the  angle  of  dips  or  slopes  with  the  cover 
of  the  dial  and  a  plumb-line;  and  in  short  drafts,  with  great  care,  this  method  may 
answer  well  enough;  but  when  any  very  important  work  is  to  be  performed  we  would 
stcongly  recommend  the  application  of  a  more  perfect  instrument  for  ascertaining  the 
angle;  for  it  is  well  known  that  if  this  part  of  the  process  should  not  be  correct,  the 
result  of  the  whole  work  must  be  erroneous  as  a  matter  of  course;  and,  indeed,  it  is 
next  to  impossible  to  distinguish  the  miuutioe  of  an  angle  with  any  tolerable  degree  of 
certainty  by  the  foregoing  method.  The  theodolite  certainly  stands  unrivalled  for 
taking  both  horizontal  and  vei-tical  angles. 

It  is  not  our  design  to  enter  into  controversy  on  this  subject.  Those  who  imagine  the 
aestant  or  quadrant  graduated  on  the  cover  of  the  dial  well  oaloulated  for  the  purpose, 
let  them  continue  to  use  it;  only  we  would  specially  note  that,  should  an  error  ensue, 
it  ought  by  all  means  to  be  attributed  to  the  real  cause,  and  to  that  only;  for,  as  in  all 
ti'igonometrical  questions,  the  angle  and  side  are  always  given  to  find  the  other  parts 
of  the  triangle:  consequently,  the  sum  of  the  one  and  length  of  the  other  are  presup- 
posed to  have  been  correctly  ascertained  previous  to  the  commencement  of  any  other 
operation. 
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Finally,  for  the  learner's  sake,  we  otiserve  that,  as  the  tables  exhibit  only  the  relative 
proportionB  to  the  radius  of  one  fathom,  or  six  feet,  and  are  wrought  out  to  five  places 
of  decimals  to  an  inch,  it  becomes  neoeasory  that  every  one  mho  would  use  this  work 
Bucoessfuliy  should  haye  some  knowledge  of  decimated  arithmetic,  because  he  will  have, 
in  most  cases,  to  multiply  for  the  whole  numbers  and  take  parts  for  the  fraction  of  the 
fathom.  For  example,  suppose  the  given  side  to  be  the  hypothenuse,  measuring  16 
fathoms,  3  feet,  and  6  inches:  he  will  then  have  to  take  out  the  numbers  opposite  the 
given  angle  in  the  tables,  and  multiply  them  by  16,  for  the  base  and  perpendicular 
respectively,  then  divide  half  the  tabular  measure  for  the  3  feet,  odd  feet,  and  one-sixth 
of  the  remainderfor  the  6  inches,  and  add  them  together  for  the  sum  of  the  required 
sides  of  the  triangle. 

It  has  been  observed  that  the  radius  in  every  ease  is  6  feet,  or  I  fathom:  consequently, 
the  number  of  fathoms  in  the  given  side  whether  that  side  be  hypothenuse,  perpen- 
dicular, or  base,  will  be  the  n  ult  plier  f  the  tibular  numbers;  and  should  there  be  a 
fraction  in  the  multiplier,  tl  e  multij  licind  must  V  e  divided  by  that  fraction,  agreeably 
with  the  rule  of  practice. 

In  some  of  the  following  examj  les  the  product  has  been  obtained  in  fathoms  and 
parts;  but  we  vrould  recommend  the  learner  to  tarry  on  the  work  in  feet  (except  in 
cases  where  the  answer  is  required  in  fathoms)  as  he  will  find  it  more  simple  and  expe- 
ditious. We  speak  of  the  m(  litpheand  or  number  midtiplied.  The  multiplier  must 
invariably  be  fathoms ;  and  shoul  1  the  given  '<i  le  be  nominated  in  feet,  it  must  be  di- 
vided by  6,  to  bring  it  inb  fathoms  befoie  the  operation  is  begun  by  the  foregoing  cases. 

It  may  be  further  noticed  that  when  any  of  the  given  sides  in  the  tables  amount  to 
6  feet,  they  are  expressed  in  fathom',  &c  ,  but  whenever  it  may  be  required  to  produce 
the  answer  in  feet,  &e.,  the  numbers  should  be  reduced  to  Uiat  measure  before  they  ate 
multiplied,  and  this  can  be  done  by  mere  inspection,  viz.  ;* 
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DEFINITION   OF   A   RIGHT-ANGLED   TRIANGLE. 

In  order  to  use  the  foregoing  tables  with  due  etfcut,  there  is  no  necessity  that  the 
reader  should  understand  any  thing  of  the  science  of  trigonometry,  that  part  of  the 
work  having  been  accomplished:  so  that,  by  the  help  of  a  few  of  the  common  rules  of 
arithmetic,  he  may  obtain,  with  the  greatest  ease  and  certainty,  every  thing  required  to 
be  known  in  the  geometrical  part  of  mining. 

Previous  to  an  elucidation  of  the  simple  method  of  working  by  the  tables,  it  may  be 
satisfactory  to  introduce  the  operation  by  a  few  preliminary  observations  and  extracts 
on  the  nature  and  properties  of  right-angled  triangles. 

Plane  trigonometry  is  the  art  of  measuring  the  sides  and  angles  of  triangles  de- 
scribed on  a  plane  surface,  or  of  such  triangles  as  are  composed  of  straight  lines. 

The  theory  of  triangles  is  the  very  foundation  of  all  geometrical  knowledge;  for  all 
straight-lined  figures  may  be  rednoed  to  triangles.  The  angles  of  a  triangle  determine 
only  its  relative  species,  and  are  measured  in  degrees,  minutes,  and  seconds;  but  the 
sides  determine  its  absolute  magnitude,  and  may  be  expressed  in  fathoms,  yards,  feet, 
or  any  other  lineal  n: 
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A  rightangled  triangle  (the  only  kind  generally  necessary  to  be  treated  of  for  mining 
purposes)  ig  that  which  has  one  right  angle  in  it.  The  longest  side,  or  that  opposite  to 
the  right  angle,  is  called  the  hypothenuse ;  the  other  two  are  called  the  legs  or  sides,  6i 
the  base  and  perpendicular;  or,  hy  Euclid's  definition,  "In  a  right-angled  triangle,  the 
side  opposite  to  the  right  angle  is  called  the  nvpoTHENusE;  and  of  the  other  sides,  that 
upon  which  the  figure  is  supposed  to  stand  is  called  the  base,  and  the  remaining  side 


The  three  angles  of  every  triangle  are  together  equal  to  two  right  angles,  or  180 
degrees. 

The  greater  side  of  every  trianglo  has  the  greater  angle  opposite  to  it. 

The  squares  of  two  sides  of  a  triangle  are  together  double  the  square  of  half  the 
base,  and  of  the  square  of  a  straight  line  drawn  from  the  vertex  to  bisect  the  base. 

The  sum  of  the  three  angles  of  every  plane  triangle  being  equal  to  half  a  circle,  or 
180  degrees,  it  therefore  follows  that  if  either  acute  angle,  in  such  triangle,  be  taken 
from  90°,  the  reniEdnder  will  be  the  other  acute  angle,  or  the  complement. 

The  supplement  of  any  angle  is  what  that  angle  wants  of  180°;  henoe  the  supple- 
ment of  any  one  angle  is  always  equal  to  the  sum  of  the  other  two. 

A  few  other  properties  of  right-angled  triangles  may  bo  worthy  of  notice,  viz.;  when 
the  angle  opposite  the  base  is  30°,  the  liypothenuae  is  exactly  double  the  length  of  the 

When  the  angles  are  45°,  the  base  and  perpendicular  are  equal. 

WJien  the  angle  opposite  the  base  is  61)°,  the  hypothenuse  is  double  the  length  of  tlie 
perpendicular. 

Applkation. 

To  show  how  a  knowledge  of  the  foregoing  theorems  may  bo  rendered  useful  in 
miuicg  practices,  suppose  in  the  triangle  ABC,  figure  153,  the  base  B  A  represented  a 
drift  or  cross-cut,  and  the  side  A  0  a  seam,  making  an  angle  with  the  base  of  66°  30': 
consequently,  the  angle  A  must  be  23°  30',  because  it  requires  that  number  of  degrees 
tfl  constitute  a  right  angle,  the  complement  of  the  angle  A,  or  180°,  the  supplement  of 
the  triangle  ABC. 

Again,  suppose  the  angle  C  of  the  slope  C  A,  figure  154,  were  found  to  be  39°  30': 
then  the  opposite  angle  A  must  contain  50°  30'. 

We  now  approach  towards  the  actual  use  of  the  tables,  and  have  succeeded,  we  hope, 
in  clearing  all  impediments  out  of  the  learner'^  way,  so  that  he  will  find  no  difficulty  in 
readily  applying  the  numbers  to  dialling  operations.  We  have  previously  set  a  few 
examples  of  the  mere  aot  of  taking  out  the  primes,  and  have  studiously  endeavored  to 
render  every  thing  as  perspicuous  and  comprehensible  as  the  nature  of  the  work  would 
possibly  admit.  But  should  any  one  have  gone  thu^  far  and  still  find  an  obscurity  hang 
over  him,  so  that  he  cannot  penetrate  into  the  nature  of  the  subject  as  he  would  wish 
or  as  he  may  have  expected,  yet  let  him  not  be  discouraged;  this  will  always  be  the  case 
with  every  one  who  calculates  on  fully  comprehending  any  thing  connected  with  the 
mathematics  by  definition  or  description  only.  Let  him  steadily,  attentively,  and  per- 
severingly  proceed  with  the  examples,  and,  if  he  is  properly  interested  in  the  matter, 
he  will  soon  find  the  subject  open  with  perspicuity  and  demonstration  on  his  mind,  and 
convey  to  him  the  incontrovertible  assurance  of  the  truth  of  the  calculations,  as  well  as 
the  correctness  of  his  own  views,  ideas,  or  conceptions  of  the  subject. 
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Table  I. — Example. 


WTiea  the  angle  is  9°  and  the  hjpothenuse  1  fathom,  what  is  the  length  of  the  other 
two  sidea  of  the  triangle  respectively? 

Ans.  Base,  11.26328in.,  Perp.  5ft.  Il.n356in. 

EXAUFLB. 

When  the  angle  ia  48°  15',  or  48i  degrees*,  and  the  hypothenuae  1  fathom,  what  are 
the  lengths  of  the  other  sides?  Aw.  Base,  4ft.  5.71613in.,  Perp.  Stt.  I1.94348in. 

Table  II. — Es ample. 
When  the  angle  is  35°  45',  or  35f  degrees,  and  the  perpendicular  1  fathom,  what  ia 
the  length  of  the  hjpothenuse  and  base  respectively? 

Ans.  Base,  4ft.  3.8326in.,  IIjp.  Ifath.  Ift.4.71fi5in. 

ExAMrLE. 

Given  the  angle  59"  30',  perpendicular  1  fathom;  the  other  sides  are  required. 

Ans.  Base,  Ifath.  4ft.  2.2317m.,  Hyp.  Ifath.  5ft.  e.8612!n. 

Table  III.— Esamplb. 

Given  the  angle  5°,  base  1  fathom ;  the  hypotJienuse  and  perpendicular  are  required. 
Ans.  Hyp.  llfath.  2ft.  10.10734m.,  Perp.  llfath.  2ft.  6.96374in. 

Example. 
Given  the  angle  30°,  base  1  fathom;  the  other  sides  are  required. 

Alts.  Hyp.  2fath.  Oft;.  Oin.,  Perp.  Ifath.  4ft.  4.70766in. 
Noit.— The  foregoing  ciampla  Efrve  only  to  eiemplity  the  manner  of  taking  out  the  primea  from  the  tables ; 

the  modo  of  taking  ont  the  tabular  numbers  is  precisely  as  the  foregoing,  hut  thi  number  qf/athems  ctmlain^  in 
thi  length  of  tlte  given  sid&  vjiil  be  the  multiiiJier  of  the  otlier  sides  of  the  triable- 

PLANE  TRIGONOMETRY.     BY  THE  TABLES. 
Case  I, — When  the  IIypothenuse  is  oivbn. 
RiTLE. — Look  in  the  first  table,  and  against  the  given  angle  stands  the  base  and  per- 
pendicular, answering  to  one  fathom  of  the  hypotheniiso;  take  out  tlvese  numbers,  and 
multiply  them  respectively  by  the  length  of  the  hypothenuse. 

Example. 
Given  the  angle  23°  30',  and  hjpothenuse  12  fathoms;  the  base  and  perpendicular 


JBase.  Perpendicular. 

Feet    2  .  4.70993  Feet    5  .  6.02833 

12  12 

28  .  8.51916  66  .  0.33996 

iiample,  aa  the  angle  exceeds  46°.  il  vill  be  found  slandlng  an  the  right-liaDd  side  of  tbe  page  |as 
lalned),  anii  the  denomination  of  the  tequirod  Bides  will  be  found  at  the  holtom.  A  little  attention  to 
viil  prevem  the  niielake,  whieh  may  otherwiae  take  place,  by  an  inversion  of  the  base  and  perpeu- 
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Process. 
Draw  the  line  A  B  of  any  length ;  maMe:  the  angle  C  =  23' 
Sty  by  a  scale  of  chordB,  or  witi  a  protractor;  draw  the  !iy- 
pothenase  A  C  =  72  feet  from  a  scale  of  equal  parts  Fc  m 
C  let  fall  the  perpendicular  C  B;  then  A  B  C  is  the  triangle 
required.  A  B,  measured  by  tiic  same  scale  of  equal  parts, 
will  be  28  feet  8J  inches,  and  B  C  will  be  68  feet. 

Case  II.— Wsbn  the  Perpbndiculab  is  given. 

UijLE.~I-ook  in  the  second  table,  and  opposite  the  given 

angle  will  be  found  the  base  and  hypothenuse  corresponding 

to  one  fathom  of  the  perpendioulai-;  multiply  these  numbers 

separately  by  the  length  of  tbe  perpendicular. 


ExAUPLE. 

Given  the  angle  39°  30',  and  perpendicular  9  fathoms  3  feet;  the  hypotien 
base  are  required, 

Operaiion. 


|3|i| 


11.3522 


|3|J1 


7 
0 

7 

2 
2 
4 

6.1698 
5.6761 
11.84S9* 

Ilyp. 

n 

0 
12 

3       11.78G4 
3      10.6548 
1      10.4412 

Bi/  Construtiion. 

Draw  the  lino  A  B  of  a  sufficient  length;  at  any 
point  B  erect  the  perpendieular  B  C,  which  make 
equal  to  57  feet  by  a  scale  of  equal  parta.  At  0 
make  the  angle  =  39'  W,  the  complement  of  A. 
From  C  draw  the  hypothenuse,  and  it  wil!  cut  the 
base  A  B  in  the  point  A;  then  will  A  B  measure 
47  feet,  and  A  C  73  feet  10  Inohes. 

Case  III— When  the  Bvsb  la  given. 
Role.— Look  in  the  third  table,  and  opposite  the 
given   angle   (as  m   the  former  o^e>")   the  corre- 
sponding numbers  to  one  iathom  of  base  will  be 
seen,  which,  hcmg  multiplied  by  the  given   length  of  the  base,  produces  the  hypo- 
thenuse and  perpendicular 


a  b,  Google 


MINIKG    ECONOMY. 


Given  the  angle  20  degrees,  and  1 
dioular  are  Tec|uired. 


BlAMPLB. 

se  28  feet  9  inches;  the  hypothen 


i 

17 

6.51392* 
4 

70 

2.05568 

* 

8 

9.2569S 

* 

2 

11.08565 

2 

2.31424 

Hyp.    84        0.71253 
Fio.  156. 


16 

5.81837* 
4 

65 
8 
2 
2 

11.27348 
2.90918 
8.96972 
0.72729 

Perp.    78      11.87%7 


B'j  Construction. 

Process. 

Draw  the  base  A  E,  which  make  ^=  28  feet  9  inches, 

from  a  scale  of  equal  parts;  at  B  erect  the  perpendiiMilar 

B  C,  make  the  angle  A  =  70°,  and  draw  the  hypothenui^e 

A  C  to  cut  the  perpendicular  B  C  in  the  point  C;  then 

""   ■   "■  e  84  feet,  and  B  C  78  feet  lU  inches. 


APPLICATION  OF   THE   TABLES   TO   DIAGONAL   SHAFTS   AKD   SLOPES. 
Remarks. 
As  in  the  foFegoing  cases  each  aide  of  the  triangle  is  distinctly  made  radius,  it  fol- 
lows that  every  prohleni  in  oblique  surveying,  &c.  can  be  solved  by  one  or  the  other  of 
a  side  and  the  angles  are  always  given. 


When  the  Affpothmvse  ia  given,  work  by  case  the  first. 
When  the  perpeadicvlar  is  given,  work  by  case  the  second. 
When  the  base  is  given,  work  h/  ease  the  third. 
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A  diagonal  shaft  or  slope  AB  was  found  to  measure  84  feet,*  and  the  angle  of  decli- 
nation ohaerved  to  be  48  degrees ;  required  the  haae  B  C,  and  perpendicular  A  C,  or  tha 
depth  of  a  shaft  from  the  top  of  the  slope,  and  a  tunnel  from  shaft  to  elope. 

Br  Case  I. 


<  48'     4     5.50G43 


31 

2.54501 
2 

3S2 

5.09002 

4 

in. 

0.17740 

7 

28 

1.24180 
2 

1.56 

2.48360 

A  perpendicular  shaft  B  C,  measuring  57  feet,  was  found  to  intersect  an  underljing 
)r  dipping  seam  A  0,  whose  angle  of  aoolwity  was  oheerved  to  he  50°  30' ;  required 


the  length  of  the  underlay  or  slope  A  C  o 
perpendicular  at  the  surface  A  B. 


<  SO'  30' 


Br  Case  II. 
M    4    11.3522 


44 

6.1698 
5.6761 

AB  46 

11.8459 

M  ' 

in, 

9.3096 
9 

69 
3 

11.7864 
10.6548 

AC  73 

10.4412 

n  A  C,  and  the  distance  from  the 


KOTt— lo  tlie  Bbovp  cSiimplc,  tlic  nngln  having  ngsia  been  tnieo  with  the  horimn,  tha  opsralira  angle  will  be 
30°  aiy,  because  S0=  30'— 90°  =  38°  W.  Wo  may  hIbo  obeorve  that,  tlie  IcnBlb  of  tbo  Bhsft  being  67  feet,  the  mnltl- 

of  feel  in  e  ftthocn) ;  IbuB,  in  thoabotoeinniplp.  the  shaft  being  SI  feci  li  14  fithoniB,  and  therefore  tbo  number! 
tr*  multiplied  by  T  oni!  2,  nbjch  ore  ^quul  to  14. 
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Example  3. 

A  horizontal  cross-cut  or  tannei  B  0  from  the  foot  of  a  slope  B  A  to  a  perpendicular 

ahat't  C  A  was  found  to  measure  224  feet  8  inches,  and  the  angle  of  acclivity  {taken  iit 

B,  the  foot  of  the  shatt)  40  degrees ;  I  require  the  respective  lengths  of  the  hjpothenuse 

A  B  and  perpendicular  A  C. 


<40°  1 
Comp.  i 

* 

7 

9.98932* 
12 

50"   J 

93     11.87184 
3 

281 
7 

0 

11.01552 
9.98932 
7.3£977 

10.44325 

A  B 

293 

3.37786 

2.94612 
0.41517 


A  0188      6.21247 


When  a  seam  7ias  changed  its  underlay  or  dip. 
RutB.— Tafce  out  the  numbers  opposite  the  given  angles,  and  work  them  bj  the 
former  cases ;  then  add  their  sums  together  respectively  for  the  answer. 

Problem. 

la  surveying  a  shaft  sunk  on  a  scam,  it  was  found  that  the  first  draft  B  D  meaeuvod 

71  feet,  on  an  angle  of  14"  45',  but  from  that  depth  to  the  foot  of  the  shaft  C  the  angle 
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proved  to  be  40°  15',  and  the  lengtl 
the  slope  B,  where  a  perpendicula 
esaetlj  at  the  foot  of  the  underlay 


D  C  54  feet ;  required  the  distance  from  the  top  of 
:  shaft  ought  to  bo  sunli,  in  order  to  come  down 
>i  slope ;  also  the  depth  of  the  perpendicular  A  C. 

Perpend  icular. 


3 
0 

0    3.97608 
0    3.05522 

B 

3 

0    0.92086 

3 

10.52093 
9 

i 


5    9.6; 


Perpend  icular. 
0    4    6.95274 


Summary  of  Bases. 


Summary  of  Perpendiculars. 


5 

4 

10.68837 

8 
6 

4 

11.60923 

AB  62  feet  11  in. 

18    1  10.497T6 


A  C  109  feet  10  it 
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PERPENDICULAR  SHAFTS  AND  LEVELS. 
Rule. — When  the  angle  of  acclivity  is  ^tbd,  take  the  complement  (or  what  it 
of  90°)  for  the  operative  angle;  in  every  other  particular,  work  by  the  former  ca 


GXAHPLG   1. 

A  perpendicular  shaft  having  been  sunk  from  the  top  of  a  hill  at  A,  from  ivh™co  the 

face  of  the  hill  to  C  measured  S30  feet,  it  is  required  to  know  the  length  an  adit  ii]Uf,t 

be  driven  from  the  base  of  the  hill  at  C  to  intersect  the  shaft  at  B,  and  what  wili  foe  the 

depth  of  the  shaft  at  that  intersection,  the  angle  of  acclivity  at  C  being  41  degrees. 


An  adit  having  been  driren  450  fi>et  from  A  to  D,  required  to  know  how  far  up  the 
kill  from  A  I  ought  to  measure,  in  order  that  &  perpendicular  may  be  sank  to  intersect 
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the  adit  at  B,  348  feet  from  the  tail  at  A;  also  the  depth  of  the  shaft  C  B,  the  angle 
of  acclivity  from  A  towards  C  being  33  degreea.  Or  thus: — Given  the  hase  348  feet; 
angle  of  acclivity  33°,  of  which  tlie  complement  or  angle  of  doclivity  ia  57°;  required 
the  hjpothonuse  and  perpendicular. 

Bv  CiSE  in. 


Comp.  <  33'  13  57°  =    7        1.85016 


57 

2.80123 
7 

400 
14 

7.60896 
3,700.S2 

AC  414 

11.30928 

2.4116t) 
9.51470 


HOEIZONTAL  DIALLING. 

Rdlb. — Ohaerve  which  aide  of  the  triangle  is  given,  and  work  hy  the  specified  case. 
Whan  there  is  more  than  one  draft  in  the  operation,  add  the  sums  of  the  reapectivi 
aides  together  for  tJie  anawer. 


Being  required  to  put  down  a  shaft  at  B,  618  feet  due  east  of  a  slope  at  A,  I  am  pre- 
vented from  measuring  in  a  direct  line  by  intervening  hills  and  wotid;  I  therefore  find 
n  order  to  avoid  tliese  obatruetiona,  to  go  on  an  angle  of  27°  south  of  east 


from  the  nhafl  A.  What  distance  muat  I  proceed  ia  this  direction  before  I  couie  at 
right  anglea  with  B,  or  diie  south  of  the  eastern  extremity  of  the  given  line,  and  how 
far  must  I  then  measure  in  a  northerly  direction  to  come  exactly  on  the  required  spot? 
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Or  the  question  may  stand  thus: — Given  tho  perpendicular  CIS  feet,  angle  27°; 
bypothenuse  and  base  are  required. 


:     .1         0.6858 


/Mttltiplier\  305         8.5800 

V.  103  fath.  /  9        2.0574 


HniKthenuse. 

6        8.8075 
10 

67 

4.0750 
10 

673 
20 

4.7500 
2.4225 

693 

7.1425 

PETERSBURG  MINE. 

We  have  been  kindly  furnished  bj  General  Pleasants  with  the  necessary  data  io 
present  our  readers  with  several  interesting  illustrationa  of  the  oelelirated  Pelersbur^ 
Jline,  and  the  triangulation  by  which  the  distnuce  and  direction  were  obtained  to  reach 
tlie  rebel  fort. 

It  will  be  noticed  by  diagrams  Nos.  1  and  2  that  the  fort  blown  up  was  concealed 
behind  the  front  line  of  rebel  rifle-pits  or  breastworks,  and  from  a  front  view  no  evidence 


.A. 


.,H(|ggi^pi^_ 


of  !i  fort  appeared,  as  the  embrasure.'!  were  concealed.  But  a  distant  end-view  enabled 
General  Pleasants  to  locate  it,  and  subsequent  demonstration  provoked  the  rebels  to 
unmask. 

The  sketch  of  the  front  or  mouth  of  the  mine  represcnls  a  little  hollow  below  and 
outside  onr  breastworks,  which  are  represented  above  coiered  with  sand-bags.  Between 
the  mouth  of  the  mine  and  the  breastworks,  or  rifle-pits,  is  shown  the  wr-shaft  for  tho 
ventilation  of  the  mine. 

The  timbei's  are  represented  In  the  sketch  as  they  were  used  in  the  mine, — forming 
a  frame;  they  vrero  cut,  notched,  and  fitted  at  a  distance,  and  when  taken  into  the  mine 
were  put  into  their  place,  and  secured  by  thin  wooden  ■uedges,  without  creating  a 
noise.     As  at  tho  building  of   Solomon's   temple,  "the  sound  of  a  hammer  was  not 

Four  pieces  were  used, — that  is,  the  cap  or  "collar,"  the  two  "legs,"  and  the  "mud- 
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sill."     These  frames  were  placed  about  three  feet  apart,  and  when  the  clay  or  material 
driven  through  was  soft  and  yielding,  boards  or  "laggina"  were  placed  behind  the  timbers. 

The  excavated  material— earth,  clay,  &c. — was  taken  to  the  surface  in  cracker-boxes, 
UB  represented  in  the  sketch. 

Figure  164  represents  the  relative  position  of  the  Union  and  rebel  works,  the  direc- 
tion and  form  of  the  mine,  and  its  lateral  galleries,  in  which  the  powder  was  laid. 
The  mouth  of  the  mine  is  represented  by  1,  the  air-shafl  bj  6,  the  left  chamber,  or 
lateral,  by  2,  and  the  right  chamber  by  3.  The  rebela  sunk  a  counter-mine  at  4 ;  but 
General  Pleasants  very  ingeniously  "  surrounded  them"  by  describing  nearly  a  half- 
circle  in  the  right  chamber.. 

Fio.  164. 


This  figure  al: 
obtained  to  the  rebel  fort. 

Figure  165  represents 
longitudinal  view  of  the  n 


the  trinngulation  by  which  the  distance  and  course  were 
sxplained  below. 

action  or  end-view  of  the  Union  and  rebel  works,  and  a 
1.     The  mouth  is  in  a  hollow  behind  the  Union  rifle-pits 


Via.  165. 


or  breastworks  G  H,  under  which  the  mine  is  dnven.  Tt  then  crosses  the  intermediate 
space  between  the  lines,  passing  the  rebel  rifle-pits  F  E,  and  ending  under  the  fort  D  C. 
It  is  nearly  horizontal  for  over  one-third  of  the  distance,  but  an  incline  rises  near  the 
middle  to  avoid  a  tough,  hard  clay,  and  runs  to  a  point  near  the  rebel  rifle-pits  F  E,  and 
from  thence  it  was  driven  levpl.  This  elevation  brought  the  interior  of  the  mine  only 
fl  short  distance  below  the  dilch  of  the  fort,— perha^is  less  than  10  feet. 

The  air-shaft  is  represented  by  6,  and  tlie  rebel  counter-shaft  by  4.  Abatis  are 
erected  before  the  Union  and  rebel  works. 

Explanation. 

The  rebel  ri6c-pits  or  breastworks  are  represented  in  figure  164  by  B  F ;  C  D  is  the 
rebel  fort;  GHare  the  Union  rifle-pits  or  breastworks;  A  B  the  base-line  of  the  trianffw 
lalion,  and  1  3  3  the  main  and  lateral  galleries  of  the  mine. 

The  base-line  was  accurately  measured,  and  the  angles  BAG  and  BAD  were  mea- 
sured by  the  vernier  of  a  theodolite  placed  over  the  point  A,  and  the  angles  ABO 
and  A  B  D  were  obtained  in  the  same  manner  from  the  point  B. 
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Subtracting  the  sum  of  the  angles  C  A  B  and  A  B  C  from  180°  gires  the  angle  A  C  B. 
In  the  triangle  A  B  G  we  have,  therefore,  the  side  A  B,  and  the  angles,  to  find  the  length 
of  the  sido  A  C,  which,  waa  found  by  trigonometry  thus: — As  sine  of  A  C  B  ;  sino 
A  B  0 1 :  logarithm  of  A  C,  or  the  distance  to  the  fort. 

In  like  manner,  with  the  same  base-line,  two  observations  were  made  from  the  points 
A  and  B  to  the  point  I>  on  the  rebel  fort,  and  the  distance  B  D  calculated  hy  the  same 
formula. 

By  knowing  the  two  distances  A  C  and  B  D  to  the  fori,  the  course  of  its  parapet  wafl 
oblained  by  plotting  it  on  paper,  which  was  necessary  in  order  to  know  what  eoursei 
wero  to  be  given  to  the  lateral  galleries  in  which  the  powder  was  placed. 

As  the  entrance  to  tiie  mine  was  some  distance  baok  of  the  base-line  A  B,  that  dis- 
tance was  ascertained  and  added  to  that  from  the  base-line  to  the  fort. 

The  main  gallery  was  not  driven  perfectly  straight,  and  a  survey  of  it  was  found 
necessary.  The  different  changes  of  course  were  noted,  and  the  whole  distance  plotted 
on  a  plan  which  General  Pleasants  made  of  the  entire  work. 

Some  idea  may  be  had  of  the  difficulties  and  dangers  attending  the  triangulation,  when 
it  is  known  that  the  aim  of  the  enemy's  rifiemenwas  so  accurate  that  no  one  could  keep 
his  hand  raised  over  the  breastworks  two  minutes  without  having  a  bullet  put  through  it. 

The  pointfl  selected  on  the  fort  to  which  the  tri angulations  -were  made  were  lumpa  of 
reddish  clay,  there  being  no  stafl  or  other  well-marked  object  upon  which  the  obser- 
vations could  be  made ;  while  the  theodolite  was  covered  with  a  piece  of  soiled  cloth,  so 
as  not  to  attract  attention,  and  the  sights  taken  through  holes  in  onr  front  breastworks. 
Besides  these  difficulties,  the  galleries  of  the  mine  wei-e  too  small  or  low  to  admit  of  the 
use  of  the  instriunent  with  its  tripod,  and  it  was  found  necessary  t 
off  and  place  it  on  a  craoker-boi.  which  was  levelled  slowly  an 
placing  pieces  of  clay  beneath  it. 

For  further  information,  see  testimony  and  report  of  Colonel  (ni 
pages  125  to  132  of  the  Report  of  the  Committoo  oa  the  Conduct  of  the  War  u 
to  the  attack  at  the  Petersburg  Mine. 


0  take  the  head  of  it 
d  with  great  labor  by 


w  General)  Pleasants, 
1  regard 


VERTICAL   DIALLING,  OR   THE   MENSURATIOH   OF   HEIGHTS. 
EcLE. — Observe  the  given  side  and  angle,  and  work  by  the  respective  cases 
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ElAUPLE. 

Prom  the  bottom  of  a  precipice  at  B,  I  measured  200  feet  in  a  direct  line  B  A  on  » 
horizontal  plane;  I  then  took  the  angle  A  42°:  required  the  height  of  the  crag  and 
teoBC. 

Operalion. 

ft.      <D. 

Complement  of  <,A)  1^1     5     4.82909 

42^  is  <G  48°         J  I     I __ll 


/   Multiplier  \  178     3.35997 

WlJfath.SftJ  1    9.60969 

Ad3.  B  C  180    0.969G6 


HORIZONTAL   OR  TRAVERSE   DIALLING. 

Plane  sailing  in  navigation,  and  horizontal  dialling  in  mining,  are  nothing  more  than 
the  practice  of  right-angled  trigonometry,  calling  the  hypothenuae  the  distance,  tiie 
perpendicular  the  difference  of  latitude,  the  haso  the  departure,  and  the  angle  opposite 
tlie  hase  the  course:  consequently,  any  range  of  dialling,  however  complicated  and  ex- 
tensive, may  be  reduced  into  a  single  triangle,  the  perpendicular  of  which  will  either 
be  the  east  and  weat  or  north  and  south  line,  according  to  the  main  direction  or  bear- 
ing of  the  work ;  the  hjpothenuse  will  be  the  actual  length  of  the  dialling  in  a  right  line 
from  tie  point  of  setting  out  to  the  termination ;  the  base  will  be  the  distance  the  termi- 
nating point  will  fell  right  or  left  of  the  perpendicular;  and  the  angle  made  by  the 
hjpotbenuso  with  the  perpendicular  will  be  the  final  course  or  direction  of  the  work. 

It  therefore  follows  that  the  general  practice  of  repeating  or  retracing  a  course 
of  underground  dialling  on  the  surface  may  be  avoided,  and  thereby  the  difficulties  and 
dangers  arising  from  obstructions,  irregular  ground,  and  the  attraction  of  the  magnet 
by  iron,  which  always  abounds  in  the  vicinity  of  a  mine,  be  done  away. 

What  is  said  of  Meroator's  sailing  may,  in  the  chief  respect,  be  applied  to  horizontal 
dialling,  viz.:  "  It  is  the  art  of  finding  on  a  plane  surface  the  motion  of  a  ship  upon 
any  assigned  course  by  the  compass,  which  shall  be  true  in  latitude,  longitude,  and  dis- 
tance siuled." 

The  first  thing  to  be  attended  to  is  the  statement  of  the  work,  or  so  placing  the  drafts 
that  there  may  be  no  confusion  in  the  operation,  and  that  the  perpendiculars  and  bases 
may  fall  on  their  proper  sides. 

In  order  to  succeed  in  this  essential  matter,  which  may  be  considered  the  foundation 
of  the  work,  note  on  which  cai-dinal  point  the  main  direction  of  your  dialling  runs, 
whether  east,  west,  north,  or  south,  and  reckon  off  your  degrees  right  or  left  from  that 
line  L  thus,  if  your  dialling  runs  easterly  or  westerly,  let  the  equator,  or  east  and  west 
liae,  be  the  point  for  numbering  off  jour  angles,— if  northerly  or  southerly,  die  meri- 
dian, or  north  and  south  line :  consequentlj,  this  line  will  be  the  perpendicular  of  every 
triangle  in  the  operation  that  comes  within  the  sweep  of  half  the  circle,  or  180" ;  and 
should  any  of  the  drafts  return  beyond  the  north  or  south  points,  or  exceed  90°  right 
or  left  of  the  east  point,  then  the  angle  must  ha  counted  from  the  west  towards  the 
north  or  south,  as  the  draft  may  happen  to  incline. 

This  being  done,  it  is  evident  that  on  a  course  of  east  and  west  dialling  the  baso 
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north  and  basBS  south  must  be  subtracted  one  from  tie  other,  and  the  remainder  will 
be  the  departure  or  base-line,  north  or  south  as  tlie  dialling  may  have  prevailed  on  this 
or  that  aide ;  and  if  any  of  the  drafts  have  gone  westerly,  then  the  perpendiculars  west 
must  be  subtracted  from  the  perpendiculars  east,  for  the  real  length  of  the  perpen- 
dicular ;  but  if  the  dialling  has  prevailed  most  in  a  westerly  direction,  the  perpen- 
dicular will  lie  on  that  side ;  in  short,  as  a  matter  of  course,  either  for  the  difference  of 
latitude,  or  rather  difference  of  longitude  in  tliis  ease  (tho  perpendicular),  or  for  the 
departure  (the  base),  the  leas  number  must  be  taken  from  the  greater,  and  the  differ- 
ences will  show  the  sides  on  which  the  operation  lies. 

This  process  must  all  be  performed  by  the  first  fable,  where  the  hypothenuse  is  given, 
because  in  every  case  the  actual  measured  line  will  be  (he  longest  side  of  the  triangle; 
and  aRer  stating  the  work,  as  before  directed,  take  out  the  numbers  standing  against 
the  given  angles  in  the  table,  and  multiply  them  respectively  by  the  length  of  the  hypo- 
tienuse,  reduced  into  fathoms  and  parts  (if  any),  and  place  them  in  their  proper 
positions  until  the  whole  has  been  calculated  ;  then  take  the  sum  of  the  bases  north 
and  south  one  from  the  other,  and  the  sum  of  the  perpendiculars  east  and  weat  one  from 
the  other ;  the  perpendicular  remainders  will  show  the  east  and  west  line,  and  the  bases 
the  distance  the  dialling  has  extended  north  or  south  of  that  line. 

The  work  is  now  brought  to  that  case  where  the  difference  of  latitude  and  departure 
is  given  to  find  the  course  and  distance,  and  in  order  to  avoid  the  neceaaity  of  intro- 
ducing extensive  and  intricate  tables,  used  by  navigators  for  this  purpose,  we  shall 
have  recourse  to  one  simple  act  of  instrumental  operation,  and,  as  two  aides  of  the 
triangle  are  given,  the  thing  may  be  quickly  and  safely  performed ;  thus,  draw  the  base 
the  given  length  by  a  scale  of  equal  parts,  raise  the  perpendicular  on  one  end  of  the 
base  (and  of  courae  at  right  angles  therewith),  and  mark  off  the  given  length,  draw  the 
hypothenuse,  and  the  triangle  will  he  complete ;  then,  by  the  same  scale,  measure  the 
hypothenuse,  and  it  will  be  the  actual  length  of  the  dialling  in  a  right  line,  from 
beginning  to  end ;  then,  with  a  protractor  or  scale  of  chords,  measure  the  angle  oppo- 
site the  departure  or  base,  and  it  will  be  the  true  course,  bearing,  or  direction  of  the 
extreme  pointa. 

The  degrees  on  the  miner's  compass  are  generally  graduated  from  1  to  360,  and  are 
figured  towards  the  left  hand :  consequently,  90°  stands  at  the  west  point,  180°  at  south, 
270°  at  the  east,  and  ends  with  360°  at  the  north ;  and  when  the  same  course  is  to  be 
pursued, — -that  is,  when  the  angles  are  to  be  taken  and  the  drafts  measured  again, — 
there  will  be  no  necessity  for  finding  the  real  direction  of  the  line ;  for,  as  the  sights  are 
always  fixed,  the  dialler  need  only  be  careful  to  observe  that  the  needle  stands  at  the 
same  degree  as  in  the  original  course;  but,  when  the  operation  is  to  be  plotted  or 
tJ'igonometrically  proved,  there  will  be  a  necessity  for  ascertaining  tho  actual  bearing 
of  every  draft  in  the  work;  and  this  may  be  done  by  the  following  rule: — 

RULE. 

(SigAlsJixed  North  and  SaufJe.) 

I  ^  /From  1  to  90  N.  to  WA  'S  S  |  B  IE.  of  N.  Complement  ¥.  of  E. 
5  I  i  IFrom  90  to  180  W.  to  S.  /  |  5  -g  |  ]S.  of  E.  Complement  E.  of  S. 
fit  JFrom  ISO  to  270  S.  to  B.  |  |  "  -  >■  W.  of  S.  Complement  S.  of  W. 
g  "      (prom  270  to  360  E.  to  N.  )  |  |  |  |  (n.  of  W.  Complement  W.  of  N. 
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APPLICATION  OF  THE  CONVERTING  TABLE, 
[See paffe  4$S.) 
Suppose  the  needle  stood  at  246 J°:  what  is  the  hearing? 

Ans.  By  a  right-hand  dial,  23J°  S.  of  E.    By  a  left-hand  dial,  23J'  S.  of  W. 
It  may  he  remarked  that  the  table  is  eciually  applicable  for  changing  bearings  into 
ftngles  if  required.     Tor  example; — An  observation  was  made  with  a  righthand  dial, 
and  the  bearing  found  to  be  27°  17'  E.  of  N.:  at  what  degree  did  the  needle  point? 

Ans.  332°  43' ;  and  if  proof  is  rei^uirod,  it  will  be  seen  that  the  sum  of  these  degrees 
aad  minutes  is  360°. 

Example. 

Convert  the  following  angles  taken  with  a  left-hand  dial  into  bearings ; — 

210P,  im",  305r,  28^,  107J°,  97^. 

Opbeation.  Proof. 

210P  is  SOr  W.  of  S.  210J°  ~  30p  =  180° 

176i         3J  1.  of  S.  176J  +    3J  =  180 

305J       35|    N.  of  W.  305J  —351  =270 

28i       28i  B.  of  N.  28i  —  28}  =     0 

107i       17*  S.  of  B.  107i  —  17J  =   90 

97f         71   S.  of  E.  S7^  _  7J  =   90 

348         12    W.  ofN.  348    +  12  =300 


Convert  the  following  angles  taken  with  a  right-hand  dial  into  bearings:- 
9°  45',         239»  25',         331°  12',         100°  58',         46°  0'. 


Opeeation. 

Proof. 

9°  45' 

is   9°  45'  W.  of  N. 

9''45'--   9°  45'=      0° 

239  25 

30  35   S.  of  E. 

239  25  -f  30  35  =  270 

331   12 

28  48  B.  of  N. 

331   12  +  28  48  =  360 

160  58 

19     2  W.  of  S. 

160  58+19     2  =  180 

45     6 

44  64  W.  of  N. 

44  54  -t- 45     6  =   90 

In  praotioe,  it  would  not  be  neoessury  nr  i 

jonvenicnt  to  »(n(e  proofs :  It  is  introdnoed  hera 

u-ner's  sak 

0,  that  he  may  be  enabled  to  iiii 

jure  uertaint;  in  this  essenliat  matter. 

In  pressing  on  our  young  mining  friends  the  advantage  of  adopting  a  perfect  system, 
we  adviso  that  in  preparing  a  course  of  dialling  for  trigonometrical  solution,  by 
changing  the  angles  into  bearings,  oaro  should  be  taken  that  all  the  drafts  should  be 
made  either  to  exceed  45°,  or  that  they  should  all  stand  below,  or  at  least  not  osceed, 
that  half  quadrant.  Our  reason  for  being  urgent  on  this  matter  is,  that  there  may  be 
a  uniformity  in  placing  the  sides  in  the  traverse  table  after  the  draft  has  been  com- 
puted. And  let  it  be  particularly  noticed  that,  if  the  bearings  are  not  suffered  to  exceed, 
45°,  that  the  last  espression  of  the  bearing  will  signify  the  longer  of  the  two  sides. 
That  is,  suppose  a  draft  taken  under  ground  was  287i°,  measuring  45  feet  8  inches;  now, 
looking  at  the  "converting  table,"  we  see  that,  if  this  draft  was  taken  with,  a  "loft-hand 
dial,"  the  bearing  is  17J°  north  of  west  (or  N.  of  W.).  and  the  two  sides  will  be  found 
by  computation  to  he  13  feet  7  inehea,  and  43  feet  7  inches.  Query,  into  what  columns 
respectdvelj  must  these  numbers  be  placed?    As  the  hearing  vras  north  of  west,  and 
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our  system  states  that  "  the  last  espression.  of  the  bearing  will  signify  tlie  longer  of  the 
two  sides;"  consequently  the  lunger  side  (43  feet  7  inches)  must  be  placed  in  the"ic£st" 
column,  and  13  feet  7  inches  in  the  north  eoiuinii. 

If  this  order  is  followed  up,  it  will  render  the  working  of  traverses  (which  is  tb« 
most  important  operation  in  mine  survejiug)  a  plain,  pleasing,  and  satisfaetorj  eser- 
ciae.  In  this  edition  we  would  needs  bring  forward  every  thing  likely  to  promote  the 
advancement  of  the  young  raining  offli,er  in  tliis  paramount  branch  of  his  profession, 
and  therefore  give  him  to  undeistand  that,  in  traversing,  there  must  be  a  regular  course 
from  beginning  to  end. 

We  shall  make  ourseUes  understood  la  this  matter,  bj  taking  a  case  ■where  a  persoii 
makes  a  survey  for  the  purpose  of  ascertaining  the  length  and  bearing  of  a  level  driven 
on  an  east  and  west  lode;  and,  for  some  convenient  purpose,  he  begins  his  surveying  at 
some  point  about  the  middle  of  the  level,  and  surveys  from  thence  to  the  eastern  end ; 
ho  tiien  returns  to  the  station  or  start  at  the  middle  of  the  level,  and  continues  on  to 
the  western  end,  and  tlius  completes  the  survey. 

Now,  if  he  were  to  proceed  to  work  the  traverse  from  his  note-book  in  this  state, 
his  results  would  appear  as  if  his  level  were  almost  without  length  or  bearings,  as  his 
eastings  would  be  balanced  by  his  westings,  &c. 

In  order  to  go  syslematically  to  ivork  in  this  case,  his  first  operation  must  be  to  reverse 
the  order  of  one  or  the  other  of  the  surveys;  that  is,  if  he  pleases  to  let  the  first 
remain,  which  is  (he  eastern,  and  would  accommodate  the  western  part  to  suit  the 
other,  he  must  alter  or  reverse  all  the  drafts,  by  converting  (say)  16°  south  of  west  into 
10°  north  of  east,  and  so  of  all  the  rest. 

In  winding  up  this  course  of  instruction,  we  will  take  a  short  survey,  and  go  througli 
with  it  at  length,  and  the  student  may  accompany  us  if  he  pleases;  for  we  are  still  of 
the  opinion  that  practical  teaching  is  the  best. 

Example. 
It  is  required  to  sink  a  vertical  shaft  on  the  end  of  a  level  or  gangway,  and  the  sur- 
veys from  the  bottom  of  an  old  shaft  are  as  fullows  ; — 

Surveyed  with  a  "Right-Hand"  Compass. 

No.  1.        SaGi"  Length 18    3    0 

2.  84i  "      12    1    6 

3.  98  "      15    4    0 

4.  A  slope  322"  (dip  25^")  Inclined  length 11     2    0 

5.  107f  Length 25    5    6 

This  is  the  under-ground  work,  and  our  first  operation  is  to  find  out  tlio  dip  of  the 
slope,  in  order  that  it  may  stand  as  a  common  draft  in  the  survey. 

Operation. 

The  underlay,  or  angle  made  by  the  dip  of  the  slope  and  a  vertical  line,  being  25J 

degrees,  we  find  it  standing  in  the  first  table  against  2  feet  7  inches,  showing  that  every 

fathom  of  the  slope  gives  a  base  of  2  feet  7  inches;  and  the  length  of  the  slope  being 

It  fathoms  2  feet,  we  multiply 

i)     2    7 

11.2 
4    4    5 
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Here  we  find  the  base  of  the  slope  to  be  4  fathoraa,  5  feet,  3  inches. 
The  nest  thing  is  to  refer  to  the  converting  table  to  reduce  the  drafts  into  bearin 
taking  special  notice  that  the  work  waa  done  with  a  riglit-hand  compass. 


We  therefore  find  that  No.  I,  356i°  it 
2,    84i  if 


Slope,  4,  322    i 

5,  mi  i 


^°  E.  of  N. 
5  J  N.of  E. 


28     E.  of  N. 
I7J  S.  of  E. 


Our  work  is  now  prepared  for  entry  in  the  traverse  table 
oomputatioD. 


«0. 

CI  R.avLT, 

J,r.n- 

Eeiiringa. 

Length. 

Zaat. 

W.t, 

Korth, 

3™.h. 

1 

2 

4 
5 

SrE.of  N. 

GJ  N.  of  E. 

8  S.  of  W. 
28  E.  of  N, 
17i  S.  of  B. 

12    1    6 
15    4   0 
4   5    3 
25   5    6 

The  above  is  the  table  with  the  bearings  and  lengtha  of  the  drafts  entered  in  order 
for  receiving  the  trigonometrical  results  in  their  proper  and  respective  columns ;  and, 
that  every  thing  may  be  clear  to  the  learner,  we  shall  let  this  table  remain  as  it  is,  .ind 
make  a  similar  one,  in  which  the  computations  are  entered,  and  proceed  to  take  out  the 
tabular  numbers  from  the  first  mathematical  table,  and  multiply  them  by  their  reapeot- 
ire  lengths. 


First  Draft. 


<  SJ"  Tabular  0  4.7 


Tabular  5  ll.fiS 


110     9.2  Northing. 


Now  the  sides  of  the  triangle  formed  by  the  first  draft  a 
the  east  and  north  columns  of  the  traverse  table. 


I  ready  to  be  transferred  to 


Second  Draft. 


<  Si"  Tabular  0    6.9 


Tabular  a  11.67 


T    0,5  Northing. 


1  11.42 
73    7,3  Easting. 
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When  the  bearing  does  not  diverge  much  from  tie  eardina]  point,  tliere  ia  but  little 
difFerenoe  between  the  length  of  the  hjpothenuse  and  tJie  longest  of  the  legs,  as  in  the 
right-hand  sides  of  the  above  two  drafts. 


<8°  Tabular  0  10.02  Tabular  5  11.3 

8  8 

6    8.16  47    6.4 

2 2 

13    4.32  93    0,8 

3.31  1  11.8 

13    1.0  Southing.  93     !.0  Westing. 

The  length  of  the  draft  being  15  fathoms  4  feet,  we  have  multiplied  by  IG,   and 
deducted  i  as  tJie  shortest  method. 

FouRTu  Drait,  or  Base  of  Slope. 

<28°Tabukr"2  9.8  or  31.8  Tabular  5  3.6  or  63.6 

5  5 

169.0  318.0 

4.3  7.9 

12)164.8  12)310.1 

13.8.8  Eaeting.  25.10.1  Northing. 

In  the  above,  it  will  be  aeen  that  we  have  throvni  the  tabular  length  into  huhes  and 
parts ;  and  the  praotitioner  will  find  tiis,  in  general,  the  easiest  way  of  oaleulating. 

Fifth  Draft. 
ft.   ia.  In.  ft,  tn.  tn, 

<1W  Tabular  1  10.0  or  22.0  Tabular  5  8.6  or  68.6 


132 

411.6 

44 

1372 

672.0 

1783.6 

1.8 

5.7 

12)570.2 

12)1777.9 

47.6.2 

Southing, 

148.1.9  Easting. 

e  ready  for  entry  in  the  following  table. 
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»,. 

Anoim  *kd  Lnns. 

»„™..-.,, 

Dratl. 

BearlDK'. 

Lengths. 

«. 

West. 

No..h. 

B™.b, 

1 

2 

4 
5 

3|=  E.  of  N. 

5|   N.  of  E. 

8  S.  of  W. 
J8  E,  of  N. 
17|    S.  of  E. 

18    3    0 
12    1    6 
15   4    0 
4   5    3 
25    5    6 

■iS. 

73  7  3 

13  8  S 
148  19 

98  10 

110   12 
7  05 

2ul0  1 

13  10 

47  6  2 

2-i2  2  9 
93  10 

93  10 

143  7  8 
bO  7  2 

60  7  2 

149  1.9  Easting.            83  0.6  Northing. 

Now  we  might  proceed  to  lay  down  the  position  or  place  of  our  new  vertical  shaft  at  the 
surface  without  anj  further  operation.  For  by  measuring  off  from  the  centre  of  the 
oid  shaft  at  surface  149  feet  2  inches,  due  east,  and  from  the  end  of  that  line  measuring 
83  feet  due  north,  would  hiing  ub  exactly  over  the  end  of  the  fifth  or  last  draft,  where 
the  shaft  is  to  come  down,  hut  we  would  work  out  the  direct  length  and  bearing  also, 
ae  before  described,  and  apply  it. 


Example, 
is  required  to  sink  a  perpendicular  shaft  on  the  end  of  a  level  o 


angles  and  drafts  measured  a 


follows,  ^ 


No,  1.  <16''  30'  B.  of  S,  53  6  oi 

2.  <26''    O'W.  of  S.  22  11  o; 

3.  <19'    0'  B.  of  S.  58  Oo- 

4.  <  34°  30' W.  of  S.  21  6o 

5.  <  57"  30' W.  of  S.  53  8  o- 

6.  <39°30'  E.  of  S.  29  10  o 


What  distanc 

e  is  the  end  C  i 

n  figure  107,  where 

the 

surreying  was  fin 

shed 

from  the 

flhafl  A,  where  the  surveying  y 

raa  begun,  and  what  i 

the  hearing  of  the  line  A  C,  or 

how  many  deg 

ees  are  contained  in  the  angle  B  A  C  ? 

Operation. 

Bases. 

Q.       a 

B.  of  S.  16=i 

^l    8.44910X8 

5 

6  =  15 

2.33790 

W.  of  8.  26" 

=  2    7.56272X3 

4  11  =  10 

0.53916 

E.  of  8. 19° 

=  1  11.44091X9 

4 

0=18  10.58864 

W.  of  S.  34°J 

=  3    4.78125X3 

3 

6=^12 

2.13235 

W.  of  S.  57°J 

=.5    0.72418X8 

5 

8  =  45 

3.18762 

W.  of  S.  57°J  ==  5     0.7241HX8     3     8  =  40     iS.io(OH 
E.  of  S.3ri  =  3    9.79763X4    5  10=  18  11.55815 


ci  by  Google 


MINING   ECONOMY. 


Base  or  departure  Westerly  B  C  =  14    5.37444 
Ferpendiaulars. 

ft.    in,  feth.  n.  In.       fl.      tn. 

<16'J  =  5    9.03502X8  5    6  =  51    3.56228 

<26'>  =^5    4.71317X3  4  11  =  20    7.16851 

<19='  =5    8.07734X9  4    0  =  54  10.06606 

<34»i  =  4  11.33709X3  3    6  =  17     8.62417 

<57°i  =  3    2.68557X8  5    8  =  28  10.05018 

<39=J  =  4    7.56097  X*  5  10  =  23     0.04485 
Perpendieular  or  difference  of  latitude,  A  B  190    3.51605 

Then  by  Construction. 

Draw  two  lines  at  right  angles,  as  A  B  and  B  C,  and  of  indefinite  length ;  take 
196  feet  3§  iuches  in  your  compaBses  from  a  scale  of  equal  parts,  and,  with  one  ftxit  in 
the  right  angle  B,  point  o£f  the  distance  B  A  for  the  perpendicular.  Again,  take  14  feet 
5i  inches  from  the  same  scale,  and  apply  it  to  the  other  line  B  C  for  the  base ;  draw  tha 
hjpothcnuBB  to  join  A  C,  which  hy  the  same  scale  will  he  found  to  measure  197  feet. 

Ana.  197  feet,  on  an  angle  of  4°  15"  west  of  south. 


Problem. 

A  tunnel  is  commenced  at  the  foot  of  a  hill,  ( 

Fho  bearing  from  the  mouth  at  A,  or  tlie  col 


1  is  intended  to  be  carried  through  it. 
le  of  the  tunnel,  is  required,  and  th« 


point  on  the  opposite  side  at  A,  where  we  may  commence  to  drive  towards  A.    Th« 
height  of  the  hill  and  the  length  of  the  tunnel  are  also  required. 
The  following  is  the  survey  from  the  first  point; — 

ft. 
No.  1.  Eleyation 14°  Length 26 


7.  Horizontal 0 

8.  Depreaaion 5} 
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Judging  that  we  have  now  arrived  somewhere  near  the  level  or  horizontal  plane  of 
the  starts  or  that  our  " depreBBions"  have  made  good  our  "elevations,"  we  place  an 
assumed  mark  at  the  end  of  the  last  «r  ninth  draft,  and  retire  to  work  out  our  lines  and 
angles  by  trigonometry. 


OpEKiTION. 

Ferp.         Ba 

lo.  1.  Elevation  14°,  Length  4fath.  2ft.,  Tabulara  1    5,4      6 

4J  _ 

5    9.6    23 


3,4    25      2.9 


Thus  we  find  the  1st  draft  gives  a 
horizontal  leogth,  25  feet  2.9  inches; 
drafts,  and  finding  the  difference 
obtain  true   data  for  correcting  o 
position. 


elevation  of  0  feet  3.4  inches,  and  base  or 
jrocoeding  in  the  same  manner  with  all  the 
the  elevations  and  depreasions,  we  shall 
rk,  and  replacing  it  in  its  proper 


3.4    and    25      2.9 


Now,  as  the  depressions  are  2  feet  8  inches  !esa  than  the  elevations,  it  demonstrates 
that  our  assumed  mark  is  2  feet  8  inches  too  high,  and  as  the  declination  of  the  ground 
from  the  last  draft  eastward  continues  on  the  same  angle  of  depression  of  16  degrees,  we 
have  perpendicular  2  feet  8  inches  and  angle  16°  to  find  the  corresponding  hjpothenuse 
and  base;  and,  by  inspection  of  the  second  table,  we  see  that  the  "tabulars"  opposite 
16°  are  1  foot  8.6  inches,  and  6  feet  2.9  inches  hjpothenuse. 

Therefore,  if  1  foot  8.6  inches  gives  6  feet  2.9  inches,  what  will  2  feet  8  inches  give? 

Which  will  be  found  to  give  9  feet  8  inches  of  hypothenuse. 

And  by  the  first  table  it  will  be  found  that  9  feet  8  inches  of  hypotheauae,  on  an 
angle  of  16°,  will  give  for  the  longest  side,  or  base,  9  feet  4  jnehea. 
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ADJUSTMENT. 


Bj  rcmOTiiig  the  assumed  mark  9  feet  8  inches  due  eaat  on  the  slope,  we  fis  on  tlie 
exact  spot  for  commencing  the  eastern  end  of  the  tunnel,  and  we  need  hardly  ohserre 
tliat  the  two  extreme  marks  mean  the  hottom  or  floor  of  the  tunnel. 

Then  by  adding  the  hase,  9  feet  4  inches,  made  by  the  corrections,  to  the  sum  of  the 
boriaontala,  COG  feet  10.7  inches,  we  have  just  616  feet  3  inches  for  the  length  of  the 
tunnel. 
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CHAPTER    XXVI. 

GENERAL   DISTRIBUTION   OP   IRON   ORES. 


-Id  Mor^laDd — In  PenDEylvatiia— In  New  Jersey— In  Now 
:eB— In  CaDsda— Oi-ea  ot  Lake  Superioi—Iroa  MoimtuicB  of 

THE  OEES  OF  IRON. 

In  the  present  brief  notice  of  the  distritiutioii  of  the  ores  of  irOD,  we  propose  to  confine 
ourselves  to  the  United  States,  while  our  description  will  he  more  general  than  Rpecial, 
except  in  localities  where  the  proximity  of  coaJ  and  iron,  or  their  availability,  makes 
them  specially  interesting  and  prominent. 

An  eshaustive  discussion  of  this  subject,  illustrating  the  distribution  of  iron,  the 
form  and  locality  of  its  occurrence,  and  the  diversity  of  the  deposits,  would  demand  a 
larger  volume  dian  the  work  before  ub:  while  the  facts  that  might  bo  gathered  in  rela- 
tion to  the  origin,  formation,  and  character  of  these  orea,  from  the  developmenta  made 
during  the  last  two  hundred  years,  would  fill  many  sucii  volumes,  and  be  of  much  value 
to  science.  But  we  have  neither  time  nor  space  at  command  to  give  even  a  con- 
densed out'ine  of  the  evidences  in  demonstration  of  the  natural  processes  to  which  the 
ores  of  iron  owe  their  existence.  Such  a  work,  however,  is  much  needed;  and  some 
thoroughly  practical  man,  who  has  made  himself  a  I'Osmopolitan  on  this  subject,  might 
benefit  the  world,  and  confer  on  Iiimeelf  lionor  and  distinction,  by  giving  the  desired 
information. 

We  believe  the  facts  existing — -if  collected,  condensed,  and  compared — would  throw 
much  light  on  the  subject  of  our  mineral  deposits,  and  be  instructive  to  the  miner  and 
the  geologist ;  and  that  the  natural  processes  might  be  traced  with  almost  mechanical 
accuracy,  and  the  phenomena  of  vein  and  seam  and  bed  be  demonstrated  with  mathe- 
matical certainty. 

PACTS  AND  THEORIES. 

The  many  theories  of  the  formation  of  the  metallic  ores  now  existing  tend  to  confuse 
the  mind  of  the  student,  and  it  is  a  dif&cult  matter  to  select  the  most  probable,  since 
those  theories  arc  generally  supported  by  arguments  that  are  convincing  to  those  who 
are  familiar  only  with  the  localities  fo  which  they  apply.  But,  as  moat  of  the  existing 
theories  in  relation  to  the  formation  of  metallic' veins,  seams,  and  beds  are  the  result 
of  local  experience  and  study,  they  do  not  apply  generally.  For  instance,  one  theory 
makes  all  metallic  and  mineral  veins,  seams,  and  beds  the  result  of  sedimentary  deposits 
in  water;  another  considers  them  to  be  the  direct  result  of  volcanic  eruptions;  a  third 
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ddvocatcs  the  theory  of  sublimation;  a  fourth  refers  the  result  to  eleetrioity,  aud  others 
to  segregation,  attraction,  gravitation,  &o.  &c.  Now,  to  any  one  familiar  with  the 
numerauB  forms  and  the  varied  manner  in  which  the  metallic  orea  exist,  it  will  appear 
evident  that  none  of  the  theories  advanced  will  cover  the  ground  or  account  for  all  the 
coincidents,  but  tiat  all  are  required  as  a  general  application. 

The  Cornish  copper  lodes  of  Great  Britain  are  true  or  flssure  veins,  and  evidently 
connect  ■with  the  interior  of  the  earth,  and  have  their  origin  direct  from  a  Plutonic 
source.  They  were  filled  by  sublimation,  and  condensed  by  the  effeotB  of  water  and 
steam.  Those  of  Mansfeld,  in  Prussia,  are  stratified  in  the  Permian,  and,  though  the 
indirect  results  of  volcanic  agencies,  are  deposits  or  sediments  from  water.  The  veins 
or  beds  of  the  Southern  States  are  the  results  of  sublimation,  segregation,  and  sediment, 
since  they  exist  aa  solphurets  in  connection  with  copper,  lead,  gold,  and  sulphur  in  true 
veins,  !n  masses  or  seams  mised  with  native  copper,  and  in  beds  lying  in  the  Azoic 
elates  and  the  lower  Paleozoic  slates  and  sandstones.  The  copper  masses  of  Lake 
Superior  may  belong  to  later  formations  than  those  named,  but  thej  owe  their  origin 
more  directly  to  volcanic  agencies. 

The  ores  of  iron  result  in  much  the  same  manner,  hut  perhaps  less  from  sublimation 
than  from  other  causes,  lliongh  the  oxides  of  iron  generally  form  the  outcrops  of  all 
metalliferous  veins, — the  "gassan"  of  the  Cornish  miners,  and  the  "iron  hat"  of  the 
Germans.  This  oxidization  is  always  superficial,  and  results  from  atmospheric  causes. 
Nearly  all  metalliferous  veins  are  accompanied  by  iron  pyrites,  or  oxides  of  iron.  The 
oxidization  of  the  outcrops  sets  free  the  more  volatile  ores,  or,  being  oxidized,  they  are 
washed  away  by  water ;  while  the  iron,  being  harder,  and  naturally  cemented,  remains 
behind.  Many  sncli  apparent  beds  of  iron  exist  in  the  older  rocks,  and  in  nearly  all 
formations;  but  they  are  neither  true  beds  nor  true  veins,  and,  though  they  oceasionaliy 
yield  a  largo  amount  of  good  iron  ore,  they  are  superficial,  and  depreciate  rapidly  in 
quantity  and  quality  as  they  descend  from  lie  surface. 

Iron  is  universally  distributed  through  all  animate  and  inanimate  creation,  as  far  as 
our  earth  is  concerned,  and  exists  in  greater  or  less  extent  in  all  rocks,^ — -generally  so 
limited,  however,  as  to  be  scarcely  percoptitile,  but  frequently  in  large  and  evident 
quantities,  though  not  enough  for  practical  purposes,  and  often  in  masses  pure  enough 
for  use,  even  in  those  ferriferous  rooks  which  cannot  be  termed  ore-beds. 

SEDIMENTARY   DEPOSITS   AND   BEDS. 

In  the  early  periods  of  creation  the  metallic  ores  seem  to  have  been  less  abundant 
than  during  subsequent  periods.  They  were  either  too  minutely  distributed  through 
the  materials  of  the  globe,  or  too  dense  to  be  the  first  material  vented  from  the  con- 
densing earth.  Wo  find  but  little  mineral  actually  existing  cotemporaneously  with  the 
older  rocks,  or,  if  existing,  so  minutely  distributed  as  to  be  valueless  for  all  practical  pur- 
poses. This  may  be  inexplicable  to  many  old  miners,  who  have  so  often  dug  the  tin 
and  the  copper  from  the  heart  of  the  granite;  but,  if  they  will  think  a  moment,  they 
will  recollect  that  all  such  veins  are  in  volcanic  districts,  and  that  tliey  exist  in  fissures 
formed  not  only  through  the  granite,  but  through  the  gneiss  and  often  through  still 
newer  strata,  existing  on,  or  over,  the  gneiss,  which  proves  conclusively  that  such  veins 
were  formed  at  a  period  long  subsequent  to  the  granite.  This  seems  to  be  the  general 
rule  among  the  metallic  ores.  All  investigation  proves  our  great  metallic  regions  to 
be  the  creation  of  a  comparatively  late  period,  either  as  the  indirect  results  of  volcanic 
action  or  of  sublimation.  Most  of  our  groat  metalliferous  regions,  however,  exist  in 
the  gneisaic  or  Aaoie  belt,  and  in  the  upper  portions  of  the  metamorphio.  But,  as  we 
before  demonstrated  in  the  early  pages  of  this  work,  the  Azoic  is  the  great  region  of 
volcanic  action,  for  the  simple  reason  that  this  belt  exists  along  the  weakest  lines  of 
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the  earth's  cmat,  and,  being  the  result  of  early  volcanoes,  is  in  the  vicinity  of  those 
volcanic  vents  which  filled  {Jie  Appalachian  hasin :  consequently,  it  would  be  natural 
this  should  be  the  great  regioa  of  volcanic  ores. 

These  facts  would  not  only  indicate  that  the  metallic  ores  are  of  late  production,  but 
that,  being  more  ponderable  than  the  materia!  formerly  vented,  they  are  always  or 
generally  the  last  to  be  vented,  on  the  principle  developed  in  the  blast  furnace.  It 
might  thus  be  expected  that  volcanic  eruptions  of  to-day  would  bo  more  productive  of 
metab  than  those  of  former  eras ;  but,  as  the  conditions  then  existing  do  not  now  exist, 
we  could  not  espect  the  same  natural  results. 

We  are  aware  that  all  our  sedimentary  roelia  were  formed  in  wat«r,  and  that  the 
materials  forming  them  are  the  results  of  voloanio  action.  The  logical  sequence  is  that 
those  volcanoes  either  existed  in  water  or  vented  fheir  lava  into  it.  Metals  are  always 
heavier  than  their  matrix,  or  the  earthy  strata  in  wliich  they  are  found :  thus,  if  the 
lava  contiuned  a  large  amount  of  metal  it  would  be  the  first  to  be  precipitated  to  the 
bottom  of  the  water  into  which  the  lava  was  vented.  The  lava  would  not  run  in  a  solid 
Stream  from  the  crater  and  solidify  as  a  stratum  in  the  water,  but  the  moment  it  touched 
the  adverse  element  it  would  be  shivered  to  atoms  and  thrown  back  into  the  atmo- 
Bphere  with  the  steam  it  would  create,  and  the  lighter  portions  would  naturally  arise 
in  dust  and  ashes,  and  be  carried,  by  winds  and  waves  and  tides,  to  remote  locaiitJes, 
while  the  heavier  material  would  bo  precipitated  in  the  vicinity  in  the  order  of  their 
density. 

This  can  scarcely  he  called  a  theory,  since  it  is  a  natural  process,  and  one  that  we 
know  must  liave  occurred.  But  we  do  not  advance  this  as  the  only  mode  in  which  our 
metaJliforons  beds  were  formed ;  it  is  only  one  of  the  many ;  yet  so  far  it  appears  satie- 
faetory,  and  we  may  refer  most  of  our  great  Aaoio  beds  of  magnetic  and  specular  ores 
and  red  oxides  of  iron  to  this  cause,  and  their  formation  to  these  agencies.  We  may  also 
refer  the  alluvial  or  drift  gold  in  the  "plaflers"  of  California  and  the  "diggings"  of  Aus- 
tralia to  the  same  causes. 

Gold  is  washed  from  the  sands  of  many  rivers  and  the  beds  of  many  plains,  not  only 
remote  from  the  quartz  matrix  of  gold,  bat  where  the  streams  cross  no  gold  formations. 
But  all  such  gold  washings  are  in  the  vicinity  of  extinct  voUanoes  or  trappean  form- 
ations. It  is  scarcely  possible  that  the  gold  beneath  TaVle  Mountain  near  Sin  Fran- 
cisco, in  the  beds  of  ancient  streams,  or  the  gold  that  is  f  und  beneath  the  plicers  ' 
was  derived  from  the  ledges  of  the  Nevada  or  the  quartz  veins  _,       ^^^ 

of  the  Coast  Range,  but  resulted  in  ill  probability  from  tl  e 
ejection  of  volcanic  matter  into  the  ani-ient  waters  The  lava 
contained  gold  instead  of  iron  and  tin,  gold  was  the  first  {re- 
cii  tated  m  th  m  nner  above  set  forth  but  since  the  Ijrma  on 
of  th    n  agn  t 

On    efl    t    n     t      evident  that  we  could  n't  expect  the  same 
It,,  f   m      I    n  c  eruptions  of  later  ages,  since  the  lava  a 

th  t  d         d  y  land,  or  thrown  into  deep  seas  beyon  1  our 

f  g  t  Th     jrea  or  metallic  portions  of  the  lava  are  too 

m  n  t  lim  ted  amount  to  make  the  whole  mass  rich  en  ugh 
f  p  tip  rpo  ea ;  and  since  the  mass  cools  and  solid  fies 
n  d  y  1  d  w  th  t  disintegration,  the  metals  are  not  separated 
from  th    m  t  precipitated,  as  they  would  be  if  thrown  n 

ami  d  on  the  water.     Beds   of  ore  are,  however  ^  ^ 

f  q  ly  f  rm  d  t  the  base  of  trappean  formations,  or  between 
th  f      1       10  rocta,  by  gravitation  or  segregation     and  th  s  f    m  of     oa  n 

b  d         f  equently  met  with  in  volcanic  regions      B      we  may  sta  e    as  a 
^         1  f    t  th  t  tl  e  metallic  ores  are  the  direct  or  indir    t    e    Its  of  Plu    n  c  heal 
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except  when  stratified  with  tiie  Bedimentary  sandstones  and  slates;  and  even  among 
these  heda  a  true  fissure  or  vein  may  occur,  as  shown  in  figure  169. 

We  have  attempted  to  delineate,  in  this  illuatration,  an  ideal  section,  representing 
the  form  of  true  or  fissure  veina  in  their  course  from  the  granite  through  the  gneiss 
ta  the  Palseozoic,  and  even  in  it.  In  figure  169,  a  represents  the  Palieozoio  strata,  b  the 
Aaoic,  and  c  the  granite,  d!  an  extinct  voloano,  and  ee  the  veins. 

Od  issuing  from  tie  granite,  the  vapors  and  gases  seek  vcnta  through  the  stratified 
overlying  Azoie ;  and  since  these  rooks  and  slates  are  generally  stratified  at  high  angles, 
the  vent  is  formed  or  forced  with  much  more  ease  between  the  strata  than  through  or 
across  it.  Thus,  we  frequently  find  veins  of  copper  and  other  ores,  though  the  result 
of  sublimation  in  fissures,  lying  between  the  strata  in  the  form  of  beds.  These  veins 
always  seek  the  weakest  line  of  crust  or  strata,  and,  of  course,  escape  where  the  least 
force  is  required  to  find  a  vent, — whether  it  be  across  tlie  strata  or  between  them,  or  in 
the  line  of  faults  or  slips  and  dikes  formed  by  former  convulsions. 

SUBLIMATION. 

Most  true  or  fissure  veins — those,  we  mean,  of  great  depth  and  esiending  perhaps 
through  the  crust  of  the  earth— are  evidently  tie  result  of  sublimation.  Though 
oxidized  at  the  surface,  they  all  merge  into  sulphurets  at  no  great  depth,  and  beoomo 
lean,  or  less  rich  in  minerals,  as  they  descend  below  the  level  of  condensation. 

It  is  admitted  that  the  interior  of  tie  eai-th  is  or  was  a  molten  mass,  existing  under  a 
very  high  temperature, — so  high,  in  fact,  that  all  the  known  metals  would  be  vaporiaed 
unless  the  tension  or  pressure  from  condensation  and  contraction  forced  them  back  into 
their  solids  or  liquids.  But  during  late  ages  the  contraction  of  the  earth's  erust  has 
been  less  violent,  and  the  volcanic  vents,  consequently,  less  frequent.  The  acoumulation 
of  vapors  and  gases  would  naturally  seek  venta  through  such  fissures  and  crevices  aa 
existed,  or  had  been  formed  by  former  throes.  The  upper  portions  of  these  fissures 
terminated  in  water,  and  the  volatilised  metals  were  thus  resolved  by  condensation  into 
their  normal  forms.  In  all  fissure  veins,  however,  the  ores  are  mixed  with  impurities, 
or  a  variety  of  ores  are  alloyed;  but  sulphur  ia  the  chief  accompaniment  of  all  fissure 
veins.  To  discuss  the  various  forms  in  which  these  veins  exist,  and  the  endless  variety 
of  the  physical  and  chemical  changes  to  which  they  are  subject,  would,  as  we  before 
observed,  occupy  more  time  and  space  than  can  be  spared.  We  must,  therefore,  be 
content  to  present  the  main  features;  though  bi  be  properly  appreciated  they  should 
be  treated  fully  and  exhaustively,  since  the  facts  and  arguments  can  be  given  only  in 

SEDIMENTARY  DEPOSITS. 

We  distinguish  the  sedimentary  deposits  of  the  Palaeozoic  formations  from  those  of 
the  Aaoio,  because  they  have  been  formed  under  different  circumstances.  Though  per- 
haps the  greatest  amount  of  material  forming  the  immense  Paleozoic  deposits  of  the 
Appalachian  basin  was  derived  almost  direct  from  volcanic  sources,  it  is  evident  that 
those  sources  were  remote,  and  that  the  dust,  sand,  and  ashes  of  volcanoes  were  carried 
great  distances  into  the  interior  basin.  It  is  also  evident  that  much  of  the  material 
was  derived  from  the  debris  of  older  formations  brought  into  the  central  basins  by 
rivers,  waves,  and  tides.  Consequently,  the  ores  deposited  in  these  strata  must  have 
been  the  result  of  precipitation  from  a  solution  held  by  the  waters. 

Some  of  these  stratified  beds  are  of  gi'eat  extent,  particularly  those  of  the  Carbo- 
niferous era,  found  in  our  coal  measures.  We  can  hardly  conceive  how  those  immense 
ore  beds,  which  are  almcwt  coextensive  with  the  fields  in  which  they  exist,  could  have 
been  derived  from  the  debris  of  older  formations,  since  the  material  derived  from  this 
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source  would  be  estremely  diversified,  and  not  at  all  likely  to  produce  a,  uniform  deposit 

'  h       f  d  t  1  t        It  Id  be  m'  6  eccia  of  every  older 

g  m  not  comprehend  any 

tu  be  formed,  except 

g  :,aii      m  A  and  m       m    tones,  siates,  shales, 

ds  Ti  rm  ar  ds  of  sandstones,  &e. 

S  al  m  m  would  be  natural  to 

pp  fr  m  an  airied  by  whatever 

p        BS  m  ta  eda.     It  would  find 

ia  p  g  liar acter  of  the  ore 

W      dfo  th  m  d. 

The  fossiliferous  ore-beds  m  the  vjcinity  of  the  limeHtones  partake  of  ita  calcareous 
nature,  while  the  CarboniferouB  beds  of  the  coal  measures  are  impregnated  with  the 
carbon  of  the  coal. 

Chemical  action,  electricity,  gravity,  and  common  segregation  may,  and  in  all  proba- 
bility do,  exert  a  great  influence  in  forming  either  veins  or  beds  of  ore;  but  the  chief 
causes  of  their  production  are;— 

First. — By  the  sediment  of  volcanic  matter  thrown  directly  in  water,  forming  bods 
of  magnetic  and  specular  iron  ores,  gold,*  &c. 

Second. — By  sublimation  in  true  veins  and  fissures,  producing  sulphureta  of  copper, 
silver,  lead,  &c.  &c. 

Third. — By  gravitation  or  segregation  from  iDcds  of  lava  and  trappcan  formations 
generally,  forming  veins  or  seams  of  limited  extent  and  irregular  spread. 

FouBTH,— By  precipitation  from  water  holding  the  ores  in  solution,  and  derived 
chiefly  from  volcanic  sources,  but  influenced  and  changed  by  chemical  action  and 
affinity  with  the  proximate  formations. 

ORES  OF  THE  GRANITIC  OR  PLUTONIC  ROCKS. 

But  little  iron  is  found  in  true  beds  or  veins  in  these  rocks,  and  but  few  ptodnotive 
ores  of  any  kind  are  found  in  workable  quantities.  It  would  appear  that  no  metalli- 
ferous deposits  existed  cotemporaneous  with  the  granite  crust  of  the  earth.  These 
Plutonic  rooks  contain  much  iron,  and  undoubtedly  were  and  are  made  up  of  most  of 
the  oonstitnent  materials  of  the  earth,  but  the  metals  were  not  separated  from  the  earthy 
matter  in  which  they  exist.  Most,  and  we  believe  all,  of  the  veins  now  worked  in  the 
granite  and  ita  overlying  rocks  are  of  comparatively  late  occurrence,  and  are  the 
results  of  volcanic  agencies  or  sublimation. 

The  iron  ores  existing  in  the  granites  are  either  the  oxidized  outcrops  of  other 
metallic  veins,  or  the  result  of  decomposing  rocks  which  contain  iron  in  small  pro- 
portions, or  the  action  of  water,  in  which  these  oxides  form  bog  ore. 

In  the  coarse  or  granitoid  gneiss,  which  follows  the  granites,  and  which  is  often, 
hardly  distinguishable  from  the  older  rocks  except  in  its  stratification,  wo  sometimes 
find  small  veins  or  bunches  of  titanic  ore,  or  an  impure,  earthy  magnetic  ore  mised 
with  trap,  titanium  and  quartz, 

THE   GREAT   AZOIC   BELT. 

In  this  great  zone  of  rocks,  which  encircle  the  entire  Appalachian  basin,  and  which 
:e  spread  in  many  localities,  we  find  the  proper  region  of  the  magnetic 


iriug  ^uaiti  veins. 
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ores  or  those  peculiar  to  the  trappean  formations.  The  gneissic  roclts  and  asBocJate 
elatea  are  generally  emhraced  under  the  nomenclature  of  metamorphic  or  Akoic,  though 
the  terma  do  not  properly  express  the  chara^iter  of  these  formations  in  all  portions  of 
the  Appalachian  basin. 

A  simple  fact  soems  to  hare  escaped  the  notice  of  our  geologists,  or  if  noticed  hy 
them  our  reading  has  been  too  limited  to  observe  it. 

The  Azoic  rocks  express  the  meaning  clearly  as  those  without  the  ancient  life,  or  those 
which  contain  no  fossil  remains ;  as  the  Polteozoic  rocka  are  those  in  wliich  are  entomhed 
the  relics  of  past  races. 

The  Azoic  rocks  are  crystalline,  sedimentary  strata,  metamorphosed  by  heat,  and, 
consequently,  could  not  have  been  formed  during  a  late  period,  or  at  a  time  whc»  life 
could  exist.  But  the  rocka  which  may  bo  Azoic,  or  destitute  of  the  ancient  life,  in  the 
East,  may  belong  to  the  Palaeozoic  strata  in  the  West,  since  all  the  evidences  show  that 
the  re^on  of  heat  was  in  the  Eaist  and  that  the  temperature  as  well  as  the  sedimentary 
strata  decreased  to  the  West  a.nd  North.*  This  is  not  only  evident  as  a  natural  sequence, 
but  as  a  fact.  It  is  rare  to  find  fossils  in  the  Potsdam  sandstone  of  the  Blue  Eidge,  or, 
if  found,  they  are  broken,  and  present  evidence  that  they  were  not  in  siift,  or  that  thej  were 
drifted  from  other  localities  or  formations.  But  in  the  West  and  North  not  only  the 
Potsdam  sandstone,  but  several  of  the  underlying  formations,  are  full  of  well-preserved 
fossils.  It  therefore  follows  that  the  horizon  of  the  Azoie  rooks  is  not  uniform,  tut 
that  they  ascend  or  descend  according  to  their  locality  and  the  conditions  of  their 
creation. 

In  the  East  this  formation  approaches  very  nearly  the  Auroral  limestones  of  Rogers, 
or  the  Valley  limestone.  It  surrounds,  as  before  observed,  the  entire  Appalachian  basin, 
but  is  not  developed  beneath  the  Gulf  States,  though  it  undoubtedly  crosses  from  the 
Appalachian  Mountain  chain  to  the  Rocky  Mountains  at  some  indefinite  point  south, 
and  encircles  the  great  basin  with  a  aone  or  belt  of  unbroken  gneiss.  In  some  places 
this  belt  is  wide  and  undulating,  with  comparatively  low  angles  of  dip;  but  in  others 
it  is  piled  in  mountain-masses  and  in  oft-repeated  and  folded  strata  of  the  sharpest 
angles  of  formation,  as  in  Southwestern  Yirginia,  North  Carolina,  and  Tennessee.  In 
other  localities  it  is  low  and  narrow,  as  in  Eastern  Pennsylvania  and  New  Jersey,  but 
everywhere  in  the  Bast  it  contains  more  or  less  iron  ore  and  numerous  veins  of  copper, 
lead,  zinc,  &o.  &c.  This  belt  is  pierced  by  thousands  of  fissures;  and  extinct  volcanoes 
and  trappean  formations  esist  from  one  end  to  the  other. 

IRON  ORES   OF   THE   AZOIC   BELT. 

We  propose  to  commence  in  the  South  and  trace  the  ores  of  this  formation  around  to 
the  West;  but,  as  little  development  has  been  made  in  Alabama,  Georgia,  and  South 
Carolina  in  this  formation,  we  shall  not  notice  these  States  specially,  more  than  to  say 
that  many  veins  or  beds  of  magnetic  and  red  oxide  have  been  found  within  the  limits 
of  their  Azoic  rocks,  but  we  do  not  think  they  will  ever  be  found  as  productive  of  iron 
as  North  Carolina. 

IS  NORTH  CAROLINA. 

North  Carolina  contains  a  larger  portion  of  Azoic  formation  than  any  other  State. 
Not  less  than  half  its  territory  contains  these  rocks,  while  the  remainder  is  made  up  of 
recent  and  Plutonic.  The  entire  Piedmont  district  is  gneissic,  extending  from  the  piny 
barrens  of  the  east  to  the  mountjilns;  but  this  portion,  though  rich  in  gold,  lead,  cop- 
per, zinc,  and  coal,  contains  but  a  limited  amount  of  iron  for  practical  purposes.     It  ia 

«  We  allude  to  the  fornieliona  caBt  of  Iho  Rocty  Mountuina. 
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to  her  present  almost  inacooagible  mountains  that  Nortli  Carolina  must  look  for  her 
supply  of  iron;  and  there  the  supply  is  unlimited. 

A  good  topographical  map  of  North  Carolina  will  portray  a  vast  mountain-region 
lying  along  tie  head  of  the  streams  and  betweea  the  watara  of  the  east  and  (lioso  of 
the  west.  Along  the  eastern  foot  of  this  great  mountain-range  are  two  parallel  de- 
posits of  ore  (we  can  scarcely  call  them  beds,  and  yet  perhaps  they  are  such),  which 
produce  a  fine,  close-grained,  black  oxide  of  iron  of  iJie  magnetic  variety.  These  beds 
are  not  generally  large,  but  regular,  and  productive  of  a  pure  ore,  yielding  70  per  cent, 
of  metallic  iron,  or  as  much  aa  it  is  possible  for  an  oxide  of  this  class  to  yield.  The 
ore  is  generally  maaaiye,  hut  frequently  granular  or  friable,  and  looks  like  fine  black 
sand  on  being  mined.  This  variety  is  much  used  in  the  Catalan  forges  of  the  mountain- 
regions  described ;  and,  from  a  personal  knowledge  of  the  iron  produced,  either  from  the 
ore  direct  or  from  the  pig  iron  of  the  charcoal  furnaces,  we  can  say  without  hesitation 
that  the  world  can  produce  none  better,  whether  from  Danemora  or  elsewhere. 

These  ranges  of  ore  are  very  extensive,  and  in  all  probahili^  extend  from  the  Virginia 
line  to  Georgia.  But  the  points  most  developed  are  in  the  vicinity  of  Wilkesborough  on 
the  Yadkin,  Morgantown  on  the  Catawba,  and  Eutherfordton  on  Broad  Eiver.  Near  or 
above  Morgantown  are  some  extensive  iron-works,  which  produced  a  large  quantity  of 
superior  iron  during  the  rebellion.  But,  as  this  range  of  ore  is  coextensive  with  this 
vast  mountain-range,  there  are  other  points  more  available  for  future  use  than  those 
named;  and  one  of  these  is  on  Smith's  River  and  vicinity,  a  little  to  the  west  of 
Greeneborough  and  Wentworth,  This  region  is  peculiarly  rich  in  minerals,  and  magnetic 
and  red  osides  of  iron  are  abundant,  while  fiirther  to  the  west  are  unlimited  deposits 
of  copper.  This  copper  region  appears  to  lie  in  a  later  formation  than  that  ontaming 
the  magnetic,  and  may  be  referred  to  the  Lower  Silurian  or  Palseozoio,  as  recognized  m 
portions  of  the  great  basin;  but  we  think  it  is  truly  Azoic,  or  so  hi^Iy  metamorphio 
as  to  contain  no  fossils  of  the  ancient  life. 

The  copper  region  is  peculiar.  It  is  embraced  in  a  series  of  basins  lying  between  the 
Blue  Kidge  proper  on  the  west,  or  the  Potsdam  sandstone,  and  the  so-called  Allc- 
ghanies,  or  Blue  Eidge,  on  the  east.*  The  formation  is  made  up  of  a  frequent  recur- 
rence of  Wie  upper  gneissio  strata,  and  contains  several  parallel  ranges  of  copper  beds. 
The  "gassan"  or  "iron  hat"  of  these  beds  often  exists  in  masses  of  red  and  brown 
oxides  of  great  value;  while  the  outcrops  of  the  copper  can  be  traced  for  many  miles 
in  unbroken  lines  by  the  masses  of  iron  ore  lying  on  the  surface.  This  great  copper 
region  extends  from  the  point  of  intersection,  or  where  the  mountains  unite  to  the  north 
in  Central  Virginia,  to  where  they  meet  again  to  the  south  in  Georgia,  and  includes  the 
rich  deposits  of  Southwestern  Virginia  and  the  celebrated  Hiawassee  mines  in  East 
Tennessee,  This  entire  region,  extending  along  the  geological  strike  of  the  lithologicnl 
formations  a  distance  of  nearly  ^00  miles  anl  from  east  to  weit  from  50  to  100  miles, 
is  eminently  a  mtuntam-distnct  and  in  no  part  )f  our  country  this  side  of  the  Eocky 
Mountains  are  they  pilel  m  such  grand  yet  uniform  order  Our  maps  give  no  idea  of 
their  topographic  il  or  physical  arrangement  and  to  our  gc  logisfei,  generally,  they 
remain  a  terra  incognita  But  from  personal  investigation  we  hazard  but  little  in 
stating  that  no  mineral  reg  on  vnthin  the  hmits  of  the  great  basin  is  richer  in  the  ores 
of  copper  and  iron. 

At  the  point  where  this  great  Azoic  region  is  penetrated  by  the  waters  of  the  New 
River,  these  ores  will  be  available  to  the  coals  of  the  Great  Kanawha,  and  nature  seems 
to  have  paved  or  levelled  the  way  through  the  otherwise  impassable  mountain-barriers 

•  The  AlleehsnlBB,  of  courae,  do  int  entM-  Kcrth  CaroUoa,  but  divide  Western  Virgiuln  from  Eaatern  Virginia, 
great  nulg«  IbtutiBC  tbe  sutern  eMBrptDODt  of  Ulls  DiaaBtuu-rsgloa  Is  UHmed  In  error. 
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from  those  vast  coal-fields  on  Uie  Great  Kanawha  ta  the  unlimited  beds  of  ore  that  lie 
on  its  upper  waters. 

Not  only  do  tie  dovclopmentof  this  rich  mineral  region  and  the  inexhaustible  supply 
of  ores  to  the  coals  of  Kauawha  depend  on  the  avenues  which  may  ho  constructed 
froai  one  to  the  other;  but  the  connection  of  the  railroad  system  of  North  Carolina 
with  the  riyers  and  railroads  of  the  West  must  taie  this  route.  The  paeses  of  the  New 
River  are  the  natural  highway  of  trade  from  the  East  to  the  West,  and  the  iron  horse 
will  yet  wake  their  echoes  aa  he  speeds  in  triumphant  progress  from  the  wafers  of  Vir. 
ginia  and  the  mountains  of  North  Carolina  to  the  "Golden  Gate"  of  the  Pacific. 

The  ores  of  the  AkoIc  helt  of  North  Carolina  are  not  entirely  confined  to  the  mountain- 
region  described.  Considerable  quantities  exist  iu  detached  masses,  in  thin,  scattered 
beds,  or  seams,  through  tho  wide  gnelssic  ranj^e  which  lies  between  the  North  Carolina 
coal  measures  and  this  mountain  region.  These  ores  are  magnetic,  red  osides,  and 
brown  hematites.  The  magnetics  exist  in  thin  seams,  or  small  scattered  beds,  both  east 
and  west  of  the  small  limestone  range  which  traverses  this  gneissie  belt.  The  ores  in 
the  vicinity  of  this  saoeharoid  or  crystalline  altered  limestone  are  generally  brown 
hematites,  and  exist  in  bunches  or  nests  to  a  limited  extent.  The  red  oxides  are 
generally  the  outcrops  of  copper  veins,  &c.  But  these  ores  are  limited,  and  cannot  be 
considered  of  any  great  commercial  value. 

The  mountain-region  described  is  eminently  a  mineral  region,  densely  timbered,  and 
extremely  inviting  to  the  manufacturers  of  charcoal  iron. 

ORES  OF  THE  AZOIC  BELT  IN  VIRGINIA. 

The  Azoic  mountain  le^^ion  if  ISorth  I  ar  lina  ext  nds  mti  \  rg  ma  but  its  poeuliar 
basin-shaped  formatnn*!  have  only  i  limited  arei  m  this  btate  embracing  only  the 
counties  of  Floyd   Carroll   and  Grayson 

The  magnetic  range  however  may  bo  traced  into  Tirginia  by  devekpments  m 
Franklin  and  Bedford  counties  and  its  <m  ntinuation  may  1  o  noted  at  mtonals  to  the 
east  of  the  Blue  Ridge  thr(Uf,h  a  great  porticn  of  Virginia  B  it  though  we  have  es 
plored  this  State  very  extensively  and  have  shafti>l  at  many  pomti  on  the  piculiar 
magnetic  range  under  discu>"><ion  we  have  never  found  it  m  great  abundance  The 
veins  or  beds  are  thin  irregular  and  much  injurel  by  impure  matter  In  the  vuinity 
of  the  Peaks  of  Otter  large  quantities  of  this  ore  lie  siittered  on  the  surfatc  but  nf 
have  never  been  alle  to  tra  e  it  to  any  1  dy  nor  have  we  ever  heaid  of  any  large 
masses  of  magnetii,  ore  being  found  en  this  range  or  m  the  reg  n  wheie  we  wculd 
naturally  expect  to  find  the  largest  or  m  st  valuable  beds  of  magnetic  ores  The  tiap- 
pean  rocks,  however  wh  ch  al  ound  in  this  region  are  generally  impregnate  1  with  iron 
and  the  whole  Piedmont  ctuntry  from  the  Blue  llidge  to  the  Eastern  granite  ranges  is 
fuli  of  scattered  iron  ores  imjiLgnating  the  r  cks  (,  1  r  ng  tho  60il  and  existing  m 
limitfld  beds  of  sidued  surface  ire  as  rei  ind  brown  hematites  inl  black  and  rid 
oxides. 

In  the  vicinity  f  the  aaj^charcid  cr  crystalline  limestone*,  aa  in  !North  Cirolma 
there  are  numerout  beds  cr  bunches  of  brown  oxides  but  they  ire  of  1  mited  extent, 
and  have  but  little  depth.  Traced  down,  they  almost  invariably  terminate  m  spariy, 
quartzose  slates,  or  iron  pyrites. 

Parallel  with  the  gold  belts,  which  appear  to  be  two  in  number,  we  find  the  eastern 
and  western  magnetic  ranges.  Tho  sacoharoid  limestone  and  the  accompanying  oxides 
of  iron  exist  between  these  ranges;  while  the  formations  containing  the  magnetic  ores 
appear  to  be  older  than  the  gold  to  the  east,  and  newer  or  later  than  the  gold  to  the 
west.  But  the  reappearance  of  the  granitoid  gneissie  in  the  Peaks  of  Otter  and  other 
elevations  of  the  Blue  Kidge  ofiers  conolnsive  evidence  of  the  repetition  of  the  eastern 
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rangps  to  the  we 't  and  conbeq  lentij  the  magneto  oi  eg  which  he  ielowthe  gold  in 
the  east  are  of  the  same  ages  and  lormation  with  tho'^c  that  lie  geul  g  cally  below  the 
gold  m  the  western  nnge  or  in  the  lormation=  borlenng  on  the  postera  pura  of  the 
Blue  R  dfc,p 

Ihe  Azoii,  belt  in  V  pg  nia  i*?  wide  unduKt  ng  anl  male  up  of  often  repeated  ases, 
folded  m  sharp  and  fre  juentlj  perpe  diLulai  strata  The  formati  ns  xre  fiG  juently  cut 
hy  trappean  dike*"  ind  the  dtbr  ^  of  voloin  r  rotka  are  found  through  ut  the  eastern 
portion  of  the  gneiasie  formaticns  All  these  rocks  contaa  iron  in  Lmited  quan- 
tities They  appear  to  esi'^t  m  their  primitue  condition  and  though  denuded  by 
subsequent  floods  were  neier  sub] ect  to  the  disintegrating  process  which  alone  could 
precipitate  their  ir  n  Consequently  we  frequently  find  large  maises  of  black  oxides 
in  the  eastern  magnetic  range  s.attered  oyer  the  surface  hut  no  1  eds  n  s  /u  haye  yet 
been  discovered  We  have  ]  roved  several  of  the  rejorted  magnetic  heda  of  Eastern 
Virginia  but  they  all  temunated  in  ferrifeious  tiappein  rocks  at  no  great  depth,  or  in 
impregnated  quartaoae  slates.  It  is  hard  to  account  for  the  abaence  of  this  ore  in  Vir- 
ginia in  workable  beds,  since  the  Azoic  belt  is  very  estensive,  and  trappean  rocks  or 
volcanic  outbursts  are  frequent.  TVe  can  only  account  for  it  in  assuming  that  this 
portion  of  Virginia  waa  not  covered  by  water  at  the  period  of  those  volcanic  eruptions 
which  produced  our  great  Azoic  ore  beds,  since  it  is  evident  that  their  occurrence  was 
long  subsequent  to  the  formation  of  the  gneias  in  which  thej  exist. 

The  great  region  of  iron  orea  in  Virginia  is  in  the  limestonea  of  the  Valley,  and 
between  the  Blue  Ridge  and  the  North  Mountains,  to  which  wc  shall  refer  in  that  con- 
nection. 

IRON   ORES   OF   THE   AZOIC   BELT   IN   MARYLAND. 

The  Azoic  belt  occupies  a  limited  area  in  tliis  Stat-e.  The  low  shores  of  the  bay 
extend  the  Tertiary  to  the  weat  of  its  general  line  in  Virginia,  and  the  Mesozoic  red 
sandstones  conceal  the  greater  portion  of  that  part  of  the  Azoic  not  encroached  on  by 
the  Tertiary.  But  the  metalliferous  ranges  pursue  their  course  persistent  with  the 
strike  of  the  geological  formations,  and  the  copper  and  magnetic  ores  are  found  in  their 
proper  respective  positions  as  developed  to  the  south. 

Beds  of  magnetic  and  apeeular  ore  exist;  but  we  have  not  heard  of  their  being  pro- 
ductive to  any  extent.  The  principal  sources  of  iron  in  Eastern  Maryland  are  the 
arenaceous  or  white  carbonate  of  the  Tertiary,  and  the  red  and  brown  hematites  of 
the  saceharoid  limestones. 

mON   ORES   OF   THE   AZOIC   BELT   IN   PENNSYLVANIA. 

The  Primal  and  gneissio  rocks  are  less  elevated  in  Eastern  Virginia,  Maryland,  and 
Pennsylvania  than  in  North  Carolina  and  Tenneaaee  to  ihe  south,  or  in  the  States  lying 
to  the  north.  They  seldom  form  mountain-ranges  in  these  Middle  States,  as  they  do  in 
the  Southern  and  more  Northern  States.  Trappean  dikes  and  the  evidences  of  volcanic 
outbursts  or  vents  are  numerous,  and  trap  rocks  of  all  remote  periods  are  scattered 
over  the  greatest  part  of  the  gneissic  area;  but  we  rarely  find  beds  of  magnetic  ores  to 
compare  with  those  of  the  former  States,  The  beds  which  are  developed  are  in  a  line 
of  strike  coincident  with  the  magneHo  orea  of  New  Jersey,  and  in  the  lithological  strata 
containing  them  in  North  Carolina. 

The  Warwick  mine  occupies  a  position  between  the  lower  Palseozolc  and  the  azoic, 
and  tlie  ores  are  only  partially  magnetic,  changing  to  brown  hematites  in  their  upper 
strata.     This  is,  however,  a  true  bed,  and  has  been  for  a  long  period  productive. 

Starting  from  a  point  near  the  New  Jersey  line,  northeaat  of  Baston,  we  find  a  con- 
tinuation of  the  New  Jersey  magnetic  ores  developed  in  Lehigh  Hill,  though  in  limited 
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quantities;  again  in  the  Durham  mines,  south  of  the  former  locality.  Here  the  ore 
is  good,  and  the  bed  from  2  to  14  feet  thick.  Still  further  south  we  find  the  Mount 
Pleasant  mines,  and  near  Reading  the  Penn's  Mount  mines.  Following  this  general 
strike,  the  magnetic  ores  are  found  in  limited  quantities  into  Marjland ;  but  they  depre- 
ciate in  quantity  and  quality  from  the  Lehigh  aoufi,  and  but  little  productive  magnetic 
exists  tetween  that  point  and  the  mountains  of  North  Carolina,  when  compared  with  the 
immense  masses  developed  in  New  Jersey,  New  York,  and  the  Azoic  range  to  the  north. 


ANALYSIS   OF   THE   ORES   OF   THE   GNEIS8IC   ROCK  OF   PENNSYLVANIA.* 


...,„,. 

1 

1 

II 

i 

j 

■5 
1 

1 

1 

4 

1 

.2 

il 

s 

— 

Hew  Isabella  fur-l 
nace,     Cheater  y 

lellow  Sprlng.,1 

high™"'     '"} 
Alsace,    Berks  ^ 

„. 

.... 

„. 

.... 

S. 

13.90 
0.20 

0,28 

67,55 
68,65 

^nXeV^aritJ^^ 

fetl    cryalallino, 
srlendent    mag- 

Jr^black!|lustte 

perlfect   rhombic 
crjatalB,  magnet- 
ic polarity. 
Iron  black,  imper- 
fect   cTFseamne, 

S^^''l,'^Edll 
hornblende,  feld- 

ORES   OF   THE   AZOIC   BELT   IN   NEW  JERSEY. 

The  magnetio  ores  of  New  Jersey  are  loss  massive  than  those  of  New  York,  hut  the 
beds  are  perhaps  quite  as  regular,  and  the  ore  about  equal  in  quantity.  The  eastern 
range  of  magnetic  ores,  as  developed  in  Virginia,  does  not  extend  beyond  that  Statfl. 
The  true  range  Is  the  western  strike,  in  line  with,  and  parallel  to,  the  Potsdam  sand- 
stone of  the  Blue  Ridge. 

It  appears  evident  that  two  outcrops  of  magnetic  ore  exist  in  this  range,  proliably  the 
baeined  edges  of  the  same  beds,  since  these  magnetic  deposits  follow  the  strike  of  the 
gneissic  rocks  as  nniformly  as  the  strata  of  a  coal-seam.  Five  beds  are  worked  by  the 
Lackawanna  Iron  &  Coal  Company  of  Scranton  in  Morris  county.  Two  of  these  are  from 
2  to  10  feet  thick,  and  one  from  10  to  35  feet  in  thickness,  They  arc  worked  by  tunnels 
which  intersect  the  deposits  at  about  100  feet  from  their  outcrop.  The  dip  of  the  strata 
is  from  70°  to  75°. 

These  metalliferous  Azoic  rocks  extend  through  the  counties  of  Warren,  Sussex,  and 
Morris  in  New  Jersey,  and  extend  through  Orange,  Putnam,  and  Dutchess  counties  in 
New  York.     The  metallic  belt  is  narrow  la  the  southern  part  of  New  Jersey,  but  gradu- 

*  Prof.  H.  D.  Rogers's  State  Reporta. 
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ally  widens  in  a  northern  direi,ti)n  The  niLuntain  ranj;  a  in  which  thio  on.  has  been 
developed  in  this  State  arc  tlie  Marble  Mountain  S  tt  s  Mountain  Jtnny  a  Juiup, 
Allamanohe,  and  the  Andovei  IIills  with  the  Pothunk  and  WawHjind-i  Mountains 
These  ranges  form  the  northwestern  mirgin  ot  the  gneissic  fjrmitione  The  south 
eastern  boundary  ia  formed  by  the  Muaioncti-oiig  and  Schooley  s  Mountains  in  Warren 
and  Sussex,  and  the  Highlands  in  Paasaio 

The  amount  of  ore  developed  within  those  ranges  in  thia  State  is  practically  un 
limited.  The  region  is  opened  out  by  the  MDrri's  &  Fssex  Riilroad  and  the  MDrns 
Canat,  and  the  mines  of  thi^  rich  and  valuaUo  ore  an,  olonelj  Lonneeted  with  the 
immense  stores  of  anthracite  which  exi't  in  available  proximity  Large  quantities  of 
thia  magnetic  ore  are  used  in  the  Laokawanna  coal  region  at  Si,ranton,  and  by  the 
numerous  and  successful  furnaces  on  tlie  Lehigh 

ORES   OF   THE  AZOIC  BELT   IN   NEW  JERSEY  AND  NEW  YORK. 

"In  the  Highlands  of  this  State  and  New  Jersey  the  principal  mines  occur  in  two 
great  ranges  or  systems.  Those  in  the  more  easterly  are  the  Forest  of  Dean,  the 
Greenwood,  and  the  Sterling,  in  this  State ;  and  the  Ringwood,  on  the  New  Jersey  side 
of  the  line.  For  the  next  12  or  15  miles  of  its  course,  no  mining  operations  of  any 
account  are  carried  on  at  present;  but  in  the  same  range  of  mountains,  in  Morris 
county,  we  find  the  Beach  Glen,  the  llibernia,  the  Mount  Pleasant,  the  Mount  Ilope, 
the  Richard,  the  Allen,  the  Swede,  the  Irondale,  the  Byram,  the  Diokeraon,  and  other 
mines, — all  within  a  breadth  of  two  miles  from  northwest  to  southeast. 

"The  Forest  of  Dean  ia  five  miles  from  the  Hudson  River  at  Fort  Montgomery,  irith 
which  it  will  shortly  be  connected  by  a  railroad  five  milea  long,  with  a  descent  of  600 
feet.  The  property  was  recently  purchased  by  the  Poughkeepsio  Iron  Company,  who 
are  making  improvements  with  a  view  to  making  the  mine  more  productive  than  for- 
merly. Since  the  1st  of  May  about  2500  tons  of  ore  have  been  taken  out  and  shipped. 
The  number  of  miners  now  at  work  is  25,  and  about  20  others  are  engaged  in  making 
repairs.  The  vein  worked  ia  60  feet  wide  at  the  depth  of  135  feet  perpendicular.  Iron 
made  from  it  is  of  the  best  quality. 

"The  Greenwood  mines  comprise  three:  the  Bull,  the  Surebridge,  and  the  O'Feill,— 
the  laat  yielding  a  celebrated  ore.  These,  with  a  tract  of  8000  acres  of  land,  and  an 
anthracite  and  a  charcoal  furnace,  are  owned  by  Messrs.  Robert  P.  and  Peter  P.  Par- 
rott,  whose  guns,  manufactured  at  the  West  Point  foundry,  have  been  in  the  habit  of 
speakinff  for  themsel.js  to  some  purpose.  The  product  of  these  mines  last  year  waa 
about  20,000  tons,  out  of  which  were  made  6800  tons  of  metal.  The  anthracite  furnace 
ia  now  idle,  but  preparing  to  resume.  Number  of  miners  now  engaged,  about  75;  and 
the  whole  force  of  employees  is  nearly  200. 

"The  Sterling  mine  has  hitcly  been  sold  by  Mr.  P.  Townsend  ia  a  party  of  Pennsyl- 
vania capitalists,  known  as  the  Mount  Sterling  Railway  &  Mining  Company,  who  axe 
constructing  a  firsi^olasa  railroad  to  their  principal  mine,  to  be  operated  by  steam. 
They  are  also  converting  a  charcoal  furnace  into  a  hot-blast  anthracite,  to  be  driven 
by  a  steam-engine  of  150  horse-power.  Product  of  the  works  last  year,  about  8000 
tons  of  ore,  or  3500  of  metal.  The  number  of  employees  in  all  departments,  except 
railroad-building,  ia  about  135.     Mr.  Charles  T.  Ford  is  superintendent. 

"The  Ringwood  mine,  with  two  forges,  belongs  to  Messrs.  Cooper,  Hewitt  &  Miller, 
who  purchased  that  extensive  tract  from  the  Trenton  Iron  Company.  A  branch  rail- 
road to  the  Erie  is  in  contemplation.  Quantity  of  ore  taken  out  last  year,  about  2000 
tons.     Mr.  Philip  E.  George  is  superintendent. 

"The  Beach  Glen,  the  Swede,  the  Orchard,  and  the  Mount  Pleasant  mines  belong  to 
Messrs.  Fuller,  Lord  &  Co.,  whose  extensive  works  are  at  Boontoa.    Number  of  em- 
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plojees,  atout  120;  quantity  of  ore  taken  out  last  year,  about  24,000  tons.     Mr.  Robert 
Oram  is  super! uteudent,  and  in  iiis  absence,  Mr.  Josepli  Kichards. 

"The  Hibernia  mine  is  leased  by  the  Trenton  Iron  Company.  A  substantially-built 
railroad  connects  the  works  with  the  Morris  Canil  at  Etckaway,  four  miles.  Raised 
la.'t  year  between  16  000  nni  16  000  tons  of  ori.  Number  oi  employees,  about  40. 
Mr  Eichaid  George   superintendent 

Another  mme  on  the  Hiberma  tract  belongs  to  the  Rlendon  Iron  Company,  who 
employ  ab  ut  125  men  Raised  last  year  nearly  20  000  tons  of  ore,  Mr.  George 
Richards  superintendent 

The  Trenton  Ircn  Company  own  the  Allen  the  Dell  the  Eosedell,  and  one  of  the 
Ilurd  mines  Quantity  ii  ore  taken  out  last  year  about  20  000  tons.  Number  of  em- 
plojeea  now  about  20  tiiiee  of  these  mmes  lying  idle  Ore  shipped  to  PbilipRburg, 
where  are  the  company  s  blast  furnate*     It  is  thence  sent  to  the  roHing-jnill  at  Trenton. 

■■  The  Mount  Hope  mine,  with  a  railroad  lour  miles  long,  belongs  to  the  Lackawanna 
Iron  &,  Coal  Company,  who  transport  the  ore  by  canal  and  railroad  to  Scranton,  Penn- 
Bylvania,  where  it  is  converted  into  pig  and  bar  iron.  Number  of  employees,  about 
350,  under  the  euperintendence  of  Mr,  Richard  Stevens.  Quantity  taken  out  last  fiscal 
year,  58,572  tons,  of  which  7260  were  raised  in  June.  Itioluiled  in  the  above  are  the 
products  of  the  Taylor,  the  Febo,  and  the  Brannin  mines. 

"The  Thomas  Iron  Company,  of  Pennsylvania,  own  the  Richard  mine,  which  turned 
out  about  19,000  tons  last  year.  Mr,  D.  Jenkins  is  the  superintendent.  Number  of 
employees  at  present,  about  75. 

"The  Irondale  mines,  half  a  dozen  in  number,  lie  on  tlio  south  side  of  the  Morris 
Canal  and  the  Morris  &  Esses  Railroad.  They  belong  to  the  Sussex  Iron  Company, 
who  sell  the  ore  to  various  interests.  The  number  of  employees  is  about  70.  Quantity 
of  ore  raised  in  1864,  about  25,000  tons.     Mr.  John  Hance  is  superintendent. 

"  The  Lehigh  Crane  Iron  Company,  of  Pennsylvania,  own  the  Randall  Hill  mine, 
under  the  management  of  Mr.  David  Jenkins,  with  25  men,  who  took  out  4300  tons 
last  year;  also  the  Hilts,  tie  Solomon,  and  a  few  others  in  the  western  rango.  Most 
of  these  are  for  the  present  doing  little. 

"The  Dover  Iron  Company  own  the  Byram  mine,  the  deepest  in  New  Jersey,  the 
incline  reaching  to  650  feet  without  any  appearance  of  exhaustion.  A  magnificent 
steam-engine  of  100  horse-power  has  just  been  put  up  on  the  property,  under  tlio  direc- 
tion of  Mr.  Charles  King.  Nothing  has  been  done  here  for  some  years;  but  operations 
will  soon  he  resumed. 

"The  Allentown  (Pennsylvania)  Iron  Company  lease  and  work  the  Diekerson  mine, 
one  of  the  richest  and  best  in  the  country,  which  yielded  last  year  12,000  tons,  and  is 
still  keeping  up  to  that  figure.  Number  of  employees,  72,  under  the  general  superin- 
tendence of  Mr.  Canfleld,  assisted  by  Mr.  W.  F.  Potter. 

"The  Bethlehem  (Pennsylvania)  Iron  Company  own  or  lease  the  Logan  mine,  which 
yields  about  50O  ions  annually;  also  the  Birch  and  "Wilkinson  mines  on  the  western 
range.    About  a  doien  men  in  all  are  employed  in  these  works.  (New.) 

"The  principal  mines  in  tiat  range  are  the  Hurd,  the  Weldon,  the  Schofield,  the 
Ford,  and  the  Ogden. 

"The  first  of  these,  on  the  northeastern  shore  of  Lake  Uopatoong,  is  leased  by  the 
Glendon.  Iron  Company,  who  employ  about  45  men.  Took  out  last  year,  13,000  tons. 
Mr.  George  Richards,  superintendent.  This  year  the  product  is  expected  to  be  only 
10,000.  There  are  two  principal  veins  on  this  property,  each  from  6  to  10  feet  thick, 
and  somewhat  sulphury,  especially  near  the  surface.  The  Ford  mine,  also  leased  by 
the  Ba;mo  company,  is  now  idle;  last  year,  shipped  2200  tons,  besides  a  considerable 
quantity  which  could  not  be  sent  off. 

"The  Schofield  mine,  also  idle,  is  owned  and  operated  by  the  Lohigh  Crane  Iron 
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Companj,  who  shipped  about  4000  tona  in  18C4.  This  and  tho  Ford  are  expected  to 
resume  shortly. 

"The  Weldon  is  an  old  mine,  which  lately  paesed  into  the  hands  of  a  gentlGman  in 
Morristown,  At  present,  about  30  men  are  at  worii,  mostly  ainldng  shafts  and  driving 
levels.     Took  out  last  year  about  4500  tons. 

"The  Ogden  mine  is  tie  most  valuable  on  that  whole  range.  It  belongs  to  a  com- 
pany of  Pennajlvanians,  known  as  the  Ogden  Mining,  Railway  &  Manufacturing  Com- 
pany. As  implied  by  this  title,  they  are  eonstruoting  a  first-clase  railroad,  10  miles  in 
length,  from  Lake  Hopatcong  to  tlieir  property,  to  be  operated  by  steam.  They  are 
also  authorized  to  extend  it  in  both  directions,  and  engage  in  the  manufacture  of  iron. 
No  ore  is  being  raised  at  present,  on  account  of  the  difficulty  of  transportation.  Last 
year,  employed  about  25  men,  who  took  out  35,000  tons.  Mr.  George  Richards,  super- 
intendent. These  veins,  five  ia  number,  are  entirely  free  from  sulphur,  and  yield  iron 
of  the  best  quality. 

"Besides  the  works  mentioned  above,  there  are  probably  a  dozen  others,  each  em- 
ploying about  as  many  men  in  brisk  times,  but  for  the  most  part  now  idle.  They  are 
owned  hy  individuals,  who  sell  the  ore  at  the  pits  or  on  the  canal. 

"We  are  now  able  to  sum  up  the  numbers  of  men  employed  at  present,  and  the 
quantities  of  ore  raised  last  year,  which  will  be  found  nearly  as  follows; — 

No.  of  Pi-iduetofore 

OwnarB,  employee.  in  tona. 

Fuller,  Lord  &  Co 120  24,000 

PoughkBepsie  Iron  Co 45                  

Parrott  Brothers 200  20,000 

Sterling  Mining  Co 30  8,000 

Cooper,  Hewitt  &  Miller 250  4,000 

Trenton  Iron  Co 60  85,500 

Glendon    "      "  170  36.600 

lehigh  Crane  Iron  Co 25  11,500 

Bethlehem          "      " 12  1,000 

AUentown          "     " 72  12,000 

Susses                "      " 70  25,000 

Ogden  Mining  Co S,50O 

Lackawanna  Iron  &  Coal  Co 350  58,600 

Thomas  Iron  Co 75  19,000 

Dover       "      "  15                  

Others IGO  60,000 

Total 1,644  818,600 

"Besides  nearly  10,000  tons  of  lino  and  franklinite  ores,  employing  200  men."* 
It  seems  scarcely  possible  that  greater  availability  than  this  can  exist  in  any  of  the 
iron-producing  regions  of  the  world.  The  deposits  of  ore  are  large,  rich,  and  pro- 
ductive. The  amount  of  labor  required  to  produce  it  should  he  much  less  than  that  re- 
quired to  produce  the  ores  of  Wales  from  seams  ranging  from  six  inches  to  two  feet  in 
thickness.  The  coal  aaid  limestone  esist  in  quantity  and  quality  superior  to  any  other 
deposits  known.  The  distances  between  them  are  limited,  and  the  means  of  transport- 
ation are  ample  and  cheap.  The  brown  hematites  of  the  valley  limestones  are  con- 
venient, rich,  and  abundant,  and  furnish  an  excellent  admixture  for  the  loore  refractory 
magnetics. 

Under  such  favorable  circumstances,  it  seems  impossible  that  iron  can  be  produced 
with  greater  economy  in  any  other  part  of  the  world,  since  it  is  impossible  that  avail- 
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able  means  should  offer  greater  natural  advantagea.  In  fact,  ttey  can  only  be  renderecl 
abortive  bj  unwise  legislation,  or  that  short-sighted  policy  which  opens  to  the  im? 
poverisLed,  starving,  and  crowded  communities  of  the  Old  World  the  markets  of  the 
New,  by  placing  our  labor  and  resourcea  in  competition  with  theirs,  and  levelliog  our 
condition,  our  toil,  and  our  resources  down  to  their  miserable  standard. 

Aa  before  stated,  the  continuation  of  this  metallic  or  magnetic  range  continues 
through  New  Jersey  into  Now  York,  extending  through  Orange,  Westchester,  Putnam, 
and  Dutchess  counties,  and  from  thcnee,  sweeping  around  through  Conaecticut,  Massa- 
chusetts, and  Vermont,  re-enters  New  York  by  Lake  Champlain,  and  produces  the  cele- 
brated ore  deposits  of  Esses,  Clinton,  Franklin,  and  Lawrence. 

ORE   BEDS   OF   THE   STERLING   MO0NTAIN. 

Many  developments  have  been  made  in  this  formation,  and  large  amounts  of  magnetio 

a       Ita  ned  for  the  furnaces  on  the  Hudson  from  the  beds  which  esist  in  close 

p    X  n  ty  t     ita  banks,  in  the  counties  named;  but  none  of  these  minor  deposits  will 

mja  n  quantity  or  extent  to  the  magnetio  and  specular  ore  beds  of  the  Sterling 
M  untAm  n  Orange  county.  It  is  singular  that  these  immense  deposits  of  the 
pu      t  honld  have  been  known  and  worked  for  the  past  hundred  years  and  yet 

attract  so  1  ttle  attention.  Here  we  find  immense  deposits  of  the  richest  ores  within  32 
miles  of  the  city  of  New  York,  equal  in  extent  to  the  celebrated  iron  mountains  of 
Missouri,  and  rivalling  the  now  famous,  though  lately  discovered,  iron  regions  of  Lake 
SapMior.  Some  twenty  or  thirty  veins  or  beds  of  black  oxide  and  specular  ores  have 
been  developed  on  the  Sterling  estate,  with  an  aggregate  thickness  of  from  40  to  50 
yards.  But  the  Sterling  Iron  Mountain  is  the  wonder  of  all  who  investigate  it.  So 
littlo  haa  been  said  and  so  little  known  of  this  vast  deposit  of  iron  that  the  stranger  ia 
totally  unprepared  for  the  surprise  that  awaits  him. 

THE   STERLING   IRON   MOUNTAIN. 

Sterling  M  f  "  '  "t  t  d  t  th  tl  t  f  St  1"  Lake.  It  rises  from  three  to 
four  hundred  f        b        th    lak         d    t    ea  t  Id   plays  one  vast  mass  of  black 

oxide,  of  unkn  th    kn  E       gh      n  b  h  w  ver,  to  justify  the  assertion 

that  it  is  pract      lly      1  m  ted       d        t  t,l  t    supply  the  entire  wants  of 

the  nation  for        t  p    h  p    w    m  ght      j    w  th        exaggeration,  that  all  tho 

anthracites  of  P        yl  m  ^1 1 1        h       t  d  t       d         t. 

These  vast  dptsf  fd  h         kw         the  Sterling  estate,  formerly 

in  possession  of  Jamea  Alexander,  or  Lord  Sterling  of  Revolutionary  memory.  It 
subsequently  belonged  to  the  Townsend  family,  who  worked  it  as  an  iron  estate  for  a 
long  period.  Perhaps  it  is  the  oldest  iron  establishment  in  the  United  States  which 
has  not  been  abandoned  or  brought  ruin  on  its  possessors. 

Recently  this  estate,  which  ia  about  thirty  miles  square  and  contains  22,000  acres, 
has  been  purchased  by  the  Sterling  Iron  &  Railway  Company,  composed  principally, 
we  believe,  of  enterprising  Philadelpbians,  among  others  we  may  mention  our  great 
financier.  Jay  Cooke,  and  the  President  of  the  Company,  J.  B.  Moorhead. 

This  company  are  developing  the  Sterling  estate  on  a  scale  commensurate  with  its 
extent  and  value.  A  railroad  has  been  constructed  from  the  iron  mountains  to  connect 
with  tho  New  York  &  Erie  Railroad  at  a  point  twenty  mileS  north  of  Piermout,  on  the 
Hudson  River.  This  new  railroad  is  seven  and  a  half  miles  long,  making  the  railway 
.transportation  from  the  mines  to  Piermont  twenty-seven  and  a  half  miles.  When  this 
ore  is  brought  to  the  Hudson  River  it  is  open  to  tho  markets  of  the  world,  and  may  be 
taken  across  tho  ocean  as  ballast  and  there  manufactured  into  iron.    But  the  chief 
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market  for  thia  ore  will  be  on  the  Sohujlkill  and  the  Lehigh,  since  the  empty  caniil- 
hoata  whluh  bring  down  coal  may  bo  loaded  with  despatch  at  the  wharves  of  the  com- 
pany and  return  with  their  freight  of  magnetic  ores  to  the  anthracite  furnaces  on  those 
streams.  The  Sterling  Iron  So  Railway  Company  have  constructed  150  cars  for  the 
transportation  of  their  ore,  and  hare  made  a  contract  with  the  New  York  &  Erie  Rail- 
way Company  for  the  transportation  of  full  trains  direct  from  the  mines  to  Piermont, 
at  which  place  they  have  made  estensiye  arrangements  for  shipping  ores,  which  will  he 
direct  from  the  cars  into  the  boats.  These  arrangements  will  enable  the  company  to 
ship  100,000  tons  the  first  year  of  their  business;  and  as  the  demand  increases  for  ore 
the  supply  can  bo  increased  to  almost  any  extent. 

The  following  analysis,  by  Messrs.  Booth  &  Garrett,  of  Philadelphia,  gives  the  con- 
stituents of  this  ore,  and  the  yield  of  metallic  iron. 


Lal^n  Bed.  Sterling  Mountain. 


Siles,  or  e: 
Alumina, 


97.6 


PcrGentigo  of  jnetalllo  iron,     68.ji  T0.7 

One  ton  and  fifteen  hundred- weight  of  this  ore  will  produfic  one  ton  of  pig  Iron;  to 
reduce  which  one  ton  seven  hundred-weight  of  pure  coal,  with  five  hundred-weight  of 
limestone,  should  be  sufficient. 

The  cost  of  quarrying  the  ore  cannot  exceed  50  cents  per  ton,  and  its  transportation, 
under  ordinary  circumstances,  would  not  exceed  SJ  cents  per  ton  per  mile:  hence  it 
can  be  delivered  at  Piermont  for  §1.20  per  ton,— or,  with  profit  to  the  company,  at  $2.50 
per  ton  under  ordinary  circumstances ;  while  the  cost  of  transporting  it  in  return  coal- 
boats  would  not  be  greater  than  the  transportation  on  coal,— say,  under  ordinary  prices, 
ftom  $2  to  $2.50  per  ton.  It  is  thus  evident  that  this  ore  can  be  used  at  our  furnaces 
with  economy. 

The  rocks  of  this  region  are  classed  by  Professor  Hitchcock  and  others  as  corresponding 
with  the  Azoic  rocks  of  Sweden,  and  the  ores  are  ranked  with  tliose  of  the  celebrated 
Danemora  mine.  The  rooks  consist  of  crystalline  granitic  gneiss,  crystalline  or  saccha- 
roid  limestone,  hornblende,  and  micaceous  alatea.  The  ores  are  accompanied  with 
hands  of  felspar,  or  are  enclosed  in  crystalline  limestone,  aaaocinted  with  garnet,  augito, 
hornblende,  thalHto,  and  calc-spar.  The  rocks  and  ores  are  stratified  in  beds,  and  dip 
to  the  southeast  at  an  angle  varying  from  30"  to  50°. 

ORES  OF  NORTHERN  NEW  YORK. 

The  magnetic  ore  beds  of  Lake  Champlain  and  vicinity  are  more  limited  in  size  than 
those  of  Sterling  Mountain,  but  ncverthelosa  are  very  rich  and  productive. 

The  ores  of  Clinton  and  Essex  counties  are  among  the  most  celebrated  of  the  country. 
They  are  all  stratified  with  gneissic  rocks,  and  are  coincident  with  them  in  their  line  of 
strike,  and  frequently  ho  on  their  planes  of  dip.  The  beds  vary  from  two  to  ten  feet  iu 
width,  and  have  been  worked  f»  a  depth  of  nearly  300  feet.  The  names  of  the  veins 
or  beds  developed  are: — the  four  Arnold  veins,  the  Palmer  vein,  and  the  Cook  veins, 
which  are  four  or  more  in  number. 

There  are  but  few  localities  in  Consecticut  where  the  magnetic  ore  of  the  Aioio 
belt  has  been  developed;  the  range,  however,  may  be  traced,  and  the  outcrops  of  limited 
beds  discovered ;  but  we  have  not  heard  or  read  of  any  considerable  amount  which  has 
heen  mined.    Spathic  ore  of  good  quality  exists  near  Bosbury,  and  is  described  by 


ci  by  Google 


546  GENERAL    DISTRIBUTION    OF    IRON    ORES. 

Professor  Shepard  as  a  vein  from  6  to  8  feet  in  size,  consisting  of  pure  carbonate  of  iron, 
dightlj  mixed  witli  white  quartz. 

The  ores  of  this  State,  like  those  of  Massachusetts  and  Verkont,  are  chiefly  of  the 
tertiary  age,  and  consist  generally  of  brown  hematites  and  yellow  ochre,  mised  with 
manganese  to  a  certain  extent.  These  States  arc  not  rich  in  iron  ores  of  any  kind,  and 
but  little  magnetic  is  found. 

New  H.vjTPSHiRE  and  Maine  are  richer  in  ores,  and  several  powerful  beds  of  magnetic 
black  oxides  have  been  discovered,  but  they  have  not  been  developed  to  any  extent. 
These  States  are  too  remote  from  fuel,  and  the  mountmn-regions  in  which  the  ores 
generally  exist  are  not  yet  opened  up  for  transportation.  We  merely  mention  these 
localities  to  keep  on  the  trace  of  the  Azoic  belt.  But,  as  a  portion  of  that  belt  sweeps 
away  from  the  New  England  States  and  crosses  below  Lake  Ontario  into  Canada,  we 
may  follow  the  true  metallic  range  of  this  bolt  from  Lake  Champlain,  in  New  York, 
into  Canada  West,  and  thence  around  tlio  northern  shores  of  the  great  lakM  to  the 
famous  magnetic  and  specular  ore  beds  of  Lake  Superior. 

The  first  great  deposit  we  iind  noticed  in  the  Lake  Superior  region  is  the  ores  in  the 
vicinity  of  Batchawamung  Bay,  on  tie  eastern  shores  of  the  lake,  and  about  forty-five 
miles  from  Sault  Ste.  Marie.  These  ore  beds  are  of  late  discovery,- and  arrangements 
are  now  being  made  for  their  development  The  mountaip-range  containing  the  ore  is 
elevated  900  feet  above  the  lake,  and  from  geological  evidences  it  is,  in  all  probability, 
a  continuation  of  the  ores  of  Marquette,  on  the  western  shores  of  Lake  Superior,  since 
they  exist  in  the  same  lithological  strata,  and  on  the  strike  of  the  former  ore  beds.  The 
thickness  and  number  of  the  ore  beds  are  not  given,  but  they  correspond  in  character, 
quality,  and  quantity  with  the  ore  beds  of  Slichlgan. 

ORES  OF  THE  AZOIC  BELT  OK  LAKE  SUPERIOR. 

The  iron  ores  of  this  region  are  truly  wonderful  in  extent,  and  though  but  partially 
developed,  enough  ore  is  kaown  to  exist  to  supply  the  entire  demands  of  the  United 
States— if  available — for  many  centuries  to  come.  In  fact,  the  ores  of  the  great  basin, 
if  only  confined  to  the  Azoic  belt,  seem  to  be  on  a  scale  of  equal  magnificence  with  its 
inexhaustible  beds  or  fields  of  coal.  But  when  we  come  to  consider  the  ore  deposits  of 
the  succeeding  rocks,  the  Valley  limestones,  the  Devonian  formations,  and  the  stratified 
beds  of  the  Carboniferous  periods,  we  may  be  surprised  at  their  combined  magnitude, 
and  exult  in  the  future  greatness  to  which  our  country  may  attain  with  such  unlimited 
resources  at  command. 

There  is  much  diversity  of  opinion  among  geologists  as  to  whether  the  great  magnetic 
deposits  should  be  denominated  veins  or  beds.  Some  contend  that  they  are  the  direct 
results  of  volcanic  agencies,  and  tliat  those  "veins"  of  magnetic  ores  were  ejected  from 
the  bowels  of  the  earth  in  a  fluid  and  molt»n  state;  while  others  contend  that  all  pro- 
ductive magnetic  ores  are  stratified  in  beds. 

It  is  scarcely  possible  that  wo  could  expect  the  same  uniformity  of  strata  among  the 
dejiosits  of  the  Azoic  rocks,  which  are  often  distorted  and  recline  at  all  angles  in  rela- 
tion to  superstructure  among  themselves.  But,  to  a  certain  extent,  it  appears  evident 
that  most  of  the  productive  magnetic  masses  are  tlie  results  of  precipitation,  as  described 
in  the  commencement  of  this  chapter;  and  the  order  of  stratification  in  which  the  beds 
of  Lake  Superior  exist  seems  to  confirm  this  view. 

Figure  170  represents  the  order  in  which  the  ores  of  this  region  exist,  evincing  as 
plainly  as  possible  a  uniform  stratification.  The  rocks  which  are  intercalated  with  the 
ores  are  of  volcanic  origin,  and  though  not  now  reposing  in  the  form  of  dikes,  they  are 
true  volcanic  rocks,  disintegrated  by  coming  in  contact  with  water  while  in  a  molten 
condition. 
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It  may  lie  noticed  that  the  ores  of  this  regioii  are  various,  and  consist  of  black  oxides, 
apecular  ores,  red.oxides,  hrowa  hematites,  &o.    The  brown  hematites  appear,  ' 


oxide;  16,jaepeT;  16,  gneiss. 

to  be  the  upper  ores,  and  resulted,  undoubtedly,  from  the  osidizatiun  of  the  lower  ores, 
and  the  contact  of  hot  water  holding  caa'bonic  aoid  and  Other  chemical  agents  in 
Bolution. 

This  region  lies  in  the  Aaoic  belt,  and  the  ore  beds  exist  in  its  upper  limits,  near  the 
base  of  the  Potsdam  sandstone,  the  position  being  geologically  and  lithologicallj  the 
same  as  the  magnetic  range  of  North  Carohna  and  New  Jersey  and  ooteaiporary  with 
the  same  belt  in  Missouri  and  Sweden. 

AREA  OF  THE  IRON  DEPOSITS. 

"There  is  no  region  of  the  earth  where  the  ores  of  iron  are  developed  on  a  scale  of 
such  grandeur,  or  concentrated  in  a  state  of  such  purity,  as  on  the  northeastern  shores 
of  Lalie  Superior.  Danemora,  Nijny  Tagilsk,  Elba,  or  Missouri  may  contain  isolated 
deposits  equally  rich;  but  these  combined  would  occupy  a  mere  patch  on  the  surface 
over  which  the  ores  of  this  region  are  known  to  exist. 

"This  area  is  somewhat  irregular  in  outline;  its  length  east  and  west  is  150  miles, 
with  a  variable  width  north  and  south  of  from  6  to  70  miles;  but  the  greatest  concen- 
tration of  these  ores  thus  far  observed  is  in  township  47,  north,  ranges  26,  27.  and  28 
west. 

GEOLOGY   OF   THE   IRON   DISTRICT. 

"The  iron  region  consistsof  an  mVl  g  f  ocksof  various  kinds,  such  as  argillite, 
talcose,  chlorite,  and  hornblend  h  t  q,  a  t  tea,  and  occasionally  dolomites,  all  of 
which  are  supposed  to  be  of  metam    ph  n   intermingled  with  rocks  whose  igne- 

ous origin  can  hardly  be  doubt  d  n,  t  ng  f  the  various  compounds  of  felspar  and 
hornblende,  forming  greenstone        d  1  m  t  where  silica  abounds,  forming  sienite, 

or  serpentine  where  magnesia  is   n    s 

"The  region  is  bounded  both  on  the  north  and  on  the  south  by  a  series  of  crystalline 
rocks  in  which  granite  largely  predominates.  The  general  direction  of  the  formation 
is  east  and  west,  though  subject  to  minor  deviations;  and  the  culminating  points,  which 
consist  for  the  most  part  of  greenstone,  attain  an  elevation  exceeding  1100  feet  above 
the  lake.  The  metamorphic  rocks  exhibit  a  regularly  contorted  structure,  and  wherever 
Hey  approach  the  purely  sedimentary  rocks  are  found  to  be  overlaid  by  the  Potsdam 
sandstone,  whose  strata  repose  in  a  nearly  horizontal  position. 
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MODE   OF   OCCUKRESCE   OF   THE   IRON   ORES. 

"  It  may  be  stated,  as  a  general  rule,  tliat  the  great  iron  deposits  of  the  district  occur 
in  close  proaimity  to  the  igneous  rooks, — mainly  greenstone.  This  rock  forms  nearly  all 
the  prominent  rocks  of  the  region,  not  in  continuous  ranges,  hut  in  a  succession  of  dome- 
shaped  knobs,  whiie  the  iron  ores  repose  upon  their  sides  or  dip  heneatli  (heir  Ijases,  so 
that  the  greenstone  appears  rather  in  the  form  of  intercalated  beds  than  as  wedge- 
shaped  masses. 

"The  whole  has  been  subjected  to  apowerful  denudation,  and  the  greenstone,  being  the 
more  unyieldmg  rock,  has  been  left  In  the  form  of  knoha  or  of  ill-defined  ridges.  I  can- 
not recall  an  instance  where  it  forma  a  true  axis  of  aleyation.  The  beds  of  iron  ore 
often  attain  a  thickness  of  four  or  five  hundred  feet,  and  may  be  traced  longitudinally 
five  thousand  feet,  but  they  are  far  from  being  persistent  m  character.  The  quartaose 
material  so  abounds  that  it  is  only  in  pockets  or  lenticular  bands  that  the  highly-concen- 
trated ores  are  found.  This  is  seen  at  all  the  mines  which  have  been  extensively 
worked,  and  the  necessity  of  sinking  below  drainage  has  already  arisen,  and  prepara- 
tions have  been  made  to  meet  it  by  driving  adits  and  erecting  pumping  machinery."* 


CHARACTER   OF   THE   ORES. 

1.  Manganiie,  or  magnetic  oxide  of  iron.— 'So  mines  have  been  dereloped  of  this  ore; 
but  it  has  been  diseoyered  oa  Lake  Macbigummi  and  on  St.  Clair  Mountain.  It  seems 
to  belong  to  the  lower  beds,  and  is  natnrally  the  last  to  be  developed. 

2.  Bed  henuUUes,  or  anhj/drous  sesquioxide.—At  all  the  working  mines  we  meet  with 
the  two  varieties,  specular  aad  micaceous ;  and  in  most  specimens  can  be  detected  dis- 
seminated crystals  of  magnetic  oxide,  so  that  these  ores  are  in  fact  a  union  of  the  two. 

3.  Sroum  hematites,  or  hy^ated  sesqiiwxide  of  iVon.— These  ores  appear  to  occupy  an 
extensive  area,  and  to  form  part  of  the  rocky  structure  of  the  region,  but  esist  as  the 
decomposition  of  the  ores  in  situ. 

The  above  are  the  principal  ores  of  tliis  region,  the  specular  being  included  with  the 
red  hematites.  That  these  ores  are  sedimentary  deposits  cannot  be  doubted;  they  net 
only  exhibit  a  perfect  stratification,  but  present  auticlinaJ  and  synclinal  axes  and  folds 
which  could  not  exist  in  beds  or  veins  of  igneous  origin.  Another  conclusive  fact  is, 
that  much  of  the  specular  ore  contains  fragments  of  angular  jasper  in  the  shape  of 
breccia,  evidently  the  disintegrated  portions  of  trappeau  rocks  which  were  precipitated 
with  tie  ores  when  the  molten  mass  was  thrown  into  the  surrounding  waters,  proving 
that  these  accumulations  of  ore-beds  and  intercalated  schist  owe  their  origin  *to  local 
causes,  or  that  they  are  not  the  results  of  distant  formations,  but  that  they  are  truo 
beds  formed  by  the  flow  of  molten  lava  highly  impregnated  with  iron  into  the  waters 
that  existed  around  and  perhaps  over  the  volcanic  vents,  as  described  in  the  commence- 
ment of  this  chapter. 

PRODUCTION   OF   THE   MIKES-f 

"  One-eighth  of  all  the  iron  now  made  in  the  entire  United  States  is  dug  from  the 
mines  of  Marquette  county,  and  yet  ten  years  ago  a  piece  of  Lake  Superior  ore  was  a 
curiosity  to  most  o*  our  practical  metaJlur^sts.  With  (he  completion  of  the  Sault  Sto. 
Marie  Canal,  which  was  opened  ten  years  ago  this  month,  the  projects  for  developing 
the  iron-ore  trade  assumed  a  definite  shape.    The  few  tons  of  mineral  that  had  been 
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cartoU  around  tte  portage  at  the  mouth  of  Uie  lake  had  proven  its  value,  and  the  first 
year  saw  1445  tona  sent  beiow  for  smelting. 

"  The  eniargemeat  of  the  trade  has  beeli  steady  and  rapid,  as  the  following  statement 
TFiIl  show : — 

"  In  1855.  1445  tons  were  esporfed ;  in  1856, 11,504  tons;  in  1857,  26,134  tons ;  ia 
1858.  3], 135  tons;  in  1850,65,079  tons;  in  1860,  116,940  tons;  in  1861,  45,430  tons ; 
in  18G2,  115,720  tons;  in  18G3,  185,275  tons;  in  1864,  235,123  tons,— mail ng  a  total 
of  834,534  tons,  -which,  assuming  the  ore  to  yield  an  average  of  60  per  cent,  {the  stand- 
ard dosired  hy  the  shippers  is  a  yield  of  66J  per  coat  in  the  furnace),  ivould  give 
500,750  tuna  of  east  iron.  The  development  of  the  mauufactui-e  of  pig-iron  from  char- 
coal, in  the  county  of  Marquette,  has  heeu  even  more  remarkable,  as  the  difficulties  to 
la  encountered  in  building  large  structures,  erecting  new  machinery,  and  collecting 
necessary  Lihov  in  a  distant  and  hyperborean  region  are  numerous  and  serious.  " 

"The  earliest  iron  made  ivoa  produced  directly  from  the  ore,  in  what  is  known  oa  the 
Catalan  forge.  This  manufacture  ivaa  commenced  in  1847,  by  Everett  &  Jackson, 
at  the  Jaokaon  Forge.  After  it  followed  the  Marquette  Forge,  then  the  Collinsvillo 
Forge,  and  lastly  the  ForostviUe  Forgo,  all  in  the  same  vicinity,  near  Marquette.  They 
made  iron,  with  more  or  less  success  for  a  few  years,  but  are  now  in  ruins,  or  so  greatly 
dilapidated  that  much  time  would  be  required  to  repair  them. 

"  The  production  of  pig  iron  from  charcoal  commenced  at  the  Pioneer  Works,  near 
the  Jackson  Mine,  in  1858:  1G27  tons  were  sent  to  market  that  year.  This  manu- 
facture has  increased  hy  the  erection  of  new  furnaces,  until  at  present  the  Pioneer,  the 
CoUinBville,  the  Forestviile,  the  Morgan,  the  Northern,  and  the  Gireeuwood  Furnaces 
are  in  activity.     The  progress  of  ths  trade  has  been  as  follows : — 

"In  1858,  1027  tons  wore  exported ;  in  1859,  7258  tons;  in  1800,  5660  tons;  in  1861, 
7970  tons ;  in  1862,  8590  tons ;  in  1863,  8903  tons ;  in  1864,  13,832  tons. 

"  Up  to  the  end  of  1864,  therefore,  53,845  tons  of  pig  iron  had  been  sent  to  market 
from  Marquette  county.  By  comparing  the  production  of  this  region  with  that  of  other 
iron  districts,  it  will  be  found  that  it  produced  in  1864  more  pig  metal  than  Connecticut 
or  Massachusetts  in  the  eama  year,  and  60  per  cent  more  than  New  York  in  1850. 
Beckoning  ore  and  metal  together,  the  mines  of  Marquette  throw  into  consumption,  in 
1864,  154,905  tons  of  metal,  or  three-fifths  as  much  as  the  total  pig-iron  production  of 
tlie  United  States  according  to  tlie  census  returns  of  1850,  and,  as  above  stated,  ono- 
eighth  of  all  the  pig  iron  produced  by  the  United  States  in  1864. 

"Regarding  the  method  and  cost  of  mining  and  eraclting  in  this  new  and  isolated 
region,  a  few  facta  will,  I  am  sure,  be  welcome  to  our  Eastern  makers,  aa  well  as  to  that 
numerous  class  of  Western  iron-maaters  who  only  know  the  district  through  the  thou- 
sands of  tons  of  rich  and  pure  ore  that  reach  their  furnaces  from  within  its  limits.  I 
shall  not  pause  to  discuss  the  interesting  geological  features  of  the  country  surrounding 
the  iron-beds,  nor  the  no  less  interesting  points  connected  with  the  genesis  of  the  ore 
itself,  but  will  proceed  at  once  to  a  consideration  of  the  economic  features  of  the  mining 
and  export  of  the  merchantable  mineral.  The  Jackson  Company,  which  exported  last 
year  70,937  tona,  the  Cleveland  Company,  which  exported  58,838  tons,  and  Iho  Lake 
Superior  Company,  which  exported  83,848  Ions,  are  the  three  principal  companies  now 
in  operation.  The  Pittsburg  and  Lake  Angeline,  the  New  York,  the  Parsons,  and  the 
Marquette  minea  have  sent  more  or  less  ore  to  market;  while  a  dozen  others  are  in  pro- 
cess of  development.  They  are  all  situated  in  what  is  known  as  the  Azoic  range ;  and 
those  first  mentioned  are  between  14  and  17  miles  from  the  harbor  of  Marquette. 

"  The  total  quantity  of  ore  already  estracted,  chiefly  from  the  three  first  mines,  is  not 
less  than  925,000  tons ;  yet  nothing  hut '  surface'  or  '  patch  work'  has  yet  been  done ; 
all  the  mineral  has  been  quarried  from  shallow  openings  in  the  sides  of  the  iron  hiils ; 
no  pumping  machinery  lias  yet  been  erected,  and  only  recently  have  adits  for  drainage 
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been  laegun.  The  surface-rock  indicates  in  many  points  that  but  a  portion  of  the  most 
easily  obtainable  ore  has  been  quarried;  and  it  is  ^afe  to  estimate  tliat  several  millions 
of  tons  are  proven  to  exist  in  the  three  or  four  oldest  mines,  with  every  likelihood  of 
vast  quantities  in  the  beds  balow  -water-level.  In  addition  to  this  are  hundreds  of 
localities  where  iron  is  known  to  esist  in  a  belt  of  30  miles  in  length}  and  at  more  than 
a  dozen  localities  companies  have  been  formed  or  mines  commenced.  Great  skill  is 
not  cecessarj  in  working  these  ore  quarries.  The  operation  oonsista  in  blasting,  from 
a  ledge  of  ore,  large  masses,  -which  are  subsequently  broken  into  fragments  by  other 
blasts,  by  the  sledge,  or  sometimes,  in  the  most  refractory  cases,  by  means  of  a  fire  of 
huge  logs. 

"At  the  Jackson  mine,  a  hole  18  ffeet  in  depth  and  2  inches  in  diameter,  loaded  with 
powder  and  exploded  last  March,  brought  down  4000  tons  of  ore.  The  holes  are  all 
bored  with  good  steel  drills,  managed  by  two  strikers  and  one  turner.  The  fragments 
of  ore  are  loaded  into  one-horse  carts,  hauled  a  few  hundred  feet  to  the  railroad,  thrown 
into  six-ton  four-wheel  oars,  and  carried  to  the  -wharves  at  Marquette,  where  they  are 
unloaded  into  pooketa,  or  hoppers,  or  shutea,  and  thence  info  the  vessels  that  transport 
them  to  the  furnace  on  the  lower  lakes,  or  are  transferred  by  wheelbarrow  from  the 
hoppers  to  the  vessels  or  steamboats.  The  laborers  at  the  mines  receive  %2  per  day, 
work  ten  hours,  and  pay  S20  per  month  for  their  board.  The  average  product  of  each 
laborer — including  all.  whose  names  are  on  the  pay-roll  .^miners,  drivers,  trackmen, 
repairers,  &c. — ^is  2  to  2^  tons  of  ore  per  day  per  man.  In  some  cases  an  average  of  five 
tons  per  day  per  man  has  been  taken  out  by  a  small  gang.  91  cents  per  ton  freight  is 
paid  on  the  railroad  to  Marquette,  and  the  price  of  ore  on  the  vessels  is  now  $6  per 

We  might  trace  the  Azoic  belt  around  the  great  Appalachian  basin,  by  continuing  it 
from  Michigan  into  Wisconsin,  where  the  Lake  Superior  ores  seem  to  esist  in  perhaps 
equal  bulk ;  but  for  all  practical  purposes  in  this  connection  it  would  be  a  useless 
expenditure  of  time  and  space.  The  data  at  command  is  limited;  and  the  region  about 
the  Rocky  Mountains,  and  the  continuation  of  the  gneiss,  are  more  the  subjects  of 
speculation  than  scientific  discovery. 

There  are,  however,  several  important  outcrops  or  antlclinals  of  the  Azoic  rocks  within 
the  area  of  the  Paloeoaoio,  and  -which  are  even  encircled  by  the  coal  formations  of  the 
West. 

The  Azoic  rooks  of  Missouri,  containing  her  immense  deposits  of  iron  and  copper, 
belong  to  these  isolated  groups  of  gneissic  and  volcanic  rooks,  and  do  not  belong  to  the 
Azoic  belt  surrounding  the  Palseozoic  rocks  of  the  great  basin  -which  we  traced  from 
North  Carolina  or  Georgia  to  Wisconsin,  in  following  the  metallic  ranges  of  that  fornia- 

IRON  MOUNTAIN. 

The  celebrated  Iron  Mountain  of  Missouri  is  the  southwestern  termination  of  a  por- 
phyritie  ridge  of  from  300  to  400  feet  elevation.  The  front  or  end  of  this  ridge,  -which 
is  about  200  feet  high,  is  covered  -with  loose  fragments  of  peroxide  of  iron,  imbedded  in 
red  clay.  This  bed  of  loose  oxidized  ore  is  about  15  feet  thick  towards  the  top  of  the 
hill,  but  evidently  increases  in  thickness  and  solidity  towards  its  foot.  The  scattered 
ores  are  found  at  a  considerable  distance  from  the  base  of  the  mountain,  and  evidently 
esist  beneath  it.  An  artesian  well  was  bored  150  feet  deep  into  those  ores.  The  first  16 
feet  -was  through  loose  ore  and  clay,  the  next  34  through  beds  of  sandroek,  followed  by 
thin  bands  of  limestone,  quarta,  and  sandstone,  and,  at  the  depth  of  89  feet,  by  a  bed 
of  pure  ore  5  feet  thick.  Below  this  was  found  7  feet  of  porphyritic  rock,  followed  by 
60  feet  of  solid  ore  to  the  bottom  of  the  well,  which  did  not  pass  through  the  bed.  Its 
total  thickness  is,  therefore,  not  known. 
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PILOT  KNOB. 

About  sis  miles  to  the  south  of  Iron  Mountain  is  Pilot  Knob,  which  is  an  isolated 
peak  or  knob  about  580  feet  in  elevation  above  the  plain,  and  about  11,000  feet  above 
St.  Louis.  The  rooky  strata  of  Pilot  Knob  is  a  dark,  silioious  slate,  distinctly  bedded, 
and  dipping  uniformly  to  the  south  at  an  angle  of  25°  or  30°, 

The  quartz  predominates  nearly  two-thirds  of  the  distance  from  the  base  up;  but 
above  that  to  the  summit,  iron  is  found  in  heavy  beds,  alternating  with  silioious  matter. 
Some  of  these  beds  are  very  thick,  and  consist  of  pure  micaceous  and  specular  ore, 
which  shows  a  slaty  structure,  while  that  of  Iron  Mountain  is  without  cleavage. 

The  other  localities  at  which  ore  is  found  in  this  region  are  Little  Mountain,  near 
Iron  Mountain,  and  Shepherd's  Mountain,  near  the  Knob;  while  the  "Bogy  Bank" 
and  Russell  Bank  produces  good  ore. 

An  analysis  by  Dr.  Litton  of  the  ore  from  Pilot  Knob  gave: — 

Silica 12.03 

Alumina 1-Sl 

Peroxide  of  iron 8(1.07 


It  will  bo  observed  from  the  foregoing  description  that  these  celebrated  ii 
;aius  arc  not  all  iron,  as  many  suppose,  and  as  might  be  imagined  from  the  ti 
i  less  than  one^tenth  of  the  bulk  of  those 


solid  or  valuable  ore;  but  even  under  such  a  limited  estimate  the  amount  of  available 
ore  in  these  celebrated  deposits  is  practically  inexhaustible,  and  is  sufficient  to  supply 
the  iron  industry  of  Missouri,  and,  in  fact,  a  great  portion  of  the  West,  for  ages  to  oomc, 
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without  refereooe  to  the  large  amount  cf  hrown  liematlte  and  other  ores  which  are 
scattered  through  this  region. 

"  The  mouiitain-niasseH  of  Missouri  have  pre-eininentlj  the  eruptive  character,  and  are 
associated  with  rocks  which  have  alwaja  been  considered  as  of  unmiBtalialjlo  eruptive 
origin.  The  iron  region  of  Lake  Superior,  which  ih  even  more  estensive  and  more 
abundant  in  ores  tlian  that  of  Miasouri,  ie  another  instance  of  the  Tast  deyclopnient  of 
these  oreii  in  the  Azoic. 

"In  the  State  of  New  York,  in  the  eame  geological  position,  we  find  the  same  occur- 
rence of  the  specular  and  magnetic  oxides,  and  almost  rivalling  with  those  of  the  ro'^lons 
just  mentioned  in  magnitude  and  importance.  Hei-e,  howevei-,  the  eyidences  of  direct  ' 
eruptije  origin  are  perhaps  less  conspicuous,  and  the  depuBits  seem,  in  many  cases  at 
least,  to  exhibit  the  appearance  of  a  secondary  action  having  token  place  since  their 
original  formation.  In  this  region  these  oi-es  have  in  their  mode  of  occurrence  the  most 
striking  analogy  with  those  of  Scandinavia.  Like  them,  they  generally  coincide  in  the 
strike  of  the  rocks  in  which  they  are  enclosed,  forming  lenticular  or  flattened  cylinder- 
shaped  masses  intercalated  in  the  formation.  The  enclosing  rocks  are  similar  in  cha- 
racter to  those  of  Sweden;  they  are  gneiss,  quartaose,  and  hypersthenic  rocks.* 

"Although  tlie  ores  of  the  Azoic  have  not  always  a  purely  igneous  origin,  yet  even  in 
these  eases  where  they  hear  the  most  evident  marks  of  having  been  deposited  in  beds 
parallel  with  the  formation,  with  the  presence  of  water,  we  must  aeknowledgo  thnt  pre- 
existing eruptive  masses  may  have  furnished  the  material  from  which  they  wore  derived. 
That  the  Azoic  period  was  one  of  long-continued  and  violent  action  cannot  bo  doubted; 
and  while  the  deposition  of  the  stratified  beds  was  going  on,  volcanic  agencies,  com- 
bined with  powerful  currents,  may  have  abraded  and  swept  away  portions  of  tho 
erupted  ferriferous  masses,  rearranging  their  particles  and  depositing  them  again  in  the 
depressions  of  the  strata.  This  seems  the  most  probable  origin  of  some  of  those  lenticular 
beds  parallel  with  the  stratification,  where  it  is  difficult  to  conceive  of  a  fissure  always 
coinciding  with  the  line  of  strike  of  the  formation,  and  where  the  mechanical  evideneea 
are  wanting  of  the  thrusting  upof  such  massea  of  matter,  which  we  know  could  not  have 
taken  place  without  many  dislocations  of  the  surrounding  rocks  which  would  have  made 
themselves  vei'y  apparent."! 

•These  orta  were  noticed  under  (tie  haad  of  New  York,  particularly  in  couiicclioii  with  Ibe  Sterliug  Mountain, 
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CHAPTER    SXVII. 

IKON    OKES    OP   THE   PALEOZOIC   FORMATIONS. 
OcM  of  ths  toxcr  aunrlaji  Bocka— Tlw  Great  YBllcy  Limestone  Range— Nests,  Jteda,  ripsatas,  end  P^asins  of  Ors 

Bank8-Ci.ii.ttnnooECi-Lonachiiokj— NeivRivCT  Ote-Bauk-Lnm-dl  DiiK^Ihe  BluB  KWec-aovoi  L-.ilo-Gnn- 
MetBl— Oi-M  of  the  South  Mountain— The  Iron  lUlls  of  Corn>vhll— Thoortea  of  BomiaUon— rorninlKni  of  Brown 

Ontcrops— Ores  of  CanibriB  and  Dainille— Ores  of  tlie  Coal  Keasures— AnaljBi!  of  tbo  OrK  of  tlia  Cojl-tlelda. 
The  ferriferoaa  region  wliicli  we  propose. to  describe  under  this  head  lies  principally 
in  the  limestones  and  slates  of  the  Great  Ta'lley  range,  between  the  Blue  Eiiige  aud  the 
Alleghanj  Mountains,  or  the  brown  hematite  region,  between  the  Potsdam  aud  Medina 
sandstones  and  the  stratified  ores  of  the  Carboniferous  formftlionB,  but  inclusive  of  the 
beds  Ijing  intermediate  or  in  the  Devonian  rock. 

The  Valley  range  is  the  great  region  of  brown  hematites,  and  embraces  generally  the 
Primal  slates,  the  Auroral  and  Matinal  limestones  of  Rogers,  or  the  Hudson,  Trentun. 
Chaiy,  and  Galciferoua  limestones  of  the  New  York  geologists,  and  the  Galena  and 
Cttloiferous  limestones  of  the  West. 

These  rooks  have  a  wide  distribution,  and  are  only  separated  from  the  Azoic  by  the 
Potsdam  sandstones  in  the  East,  and  probably  a  lower  formation  of  foasiliferoufl  strata 
in  the  West,  resaltiog  from  the  comparative  quiet  and  low  temperature  that  existed 
there,  in  comparison  with  the  violence  and  heat  of  this  period  in  the  East  as  before 
stated.  These  formations,  therefore,  follow  closely  the  Azoic  belt,  hut  on  interior  lines, 
and  they  are,  consequently,  of  more  limited  extent,  but  form  the  base  of  the  last  PalM- 
ozoio  formation,  flliing  the  great  basin;  and,  since  they  are  from  one  thousand  to  five 
thousand  feet  in  thickness,  the  area  occupied  by  tliese  limestones  is  not  only  extensive, 
but  widely  distributed. 

Starting  from  the  alluvial  deposits  of  the  Gulf,  they  traverse  the  northeastern  part 
of  Alabama,  the  northern  part  of  Georgia,  and  form  the  beautiful  and  productive  val- 
leys of  Bast  Tennessee;  the  great  Valley  of  Virginia  through  that  State,  from  Bristol 
in  the  southwest  to  Harper's  Ferry  on  the  Potomac;  the  rich  Cumberland  Valley  in 
Maryland  and  Pennsylvania,  and  the  magnificent  regions  around  Harrisburg,  Lebanon, 
Beading,  AUentown,  and  Easton ;  through  the  northwest  comer  of  New  Jersey,  and 
by  the  valleys  of  the  Hudson  Eiver  and  Lake  Champlain  through  Wew  York  into 
Canada;  and  thence,  ascending  the  St.  Lawrence,  skirts  the  north  shores  of  Ontario, 
and,  passing  through  the  Georgian  Bay  of  Lake  Huron,  sweeps  round  the  north  and 
west  sides  of  Lake  Michigan,  and  pursues  a  nearly  west  course  through  Wisconsin  to 
the  Mississippi.  Tho  granitic  and  gneissie  mountain-regions  of  Northern  New  York  are 
thus  placed  inside  of  this  limestone  belt;  but  this  may  be  explained  by  tho  fa«t  that 
the  Palteoaoic  limestones  and  slates  divide  to  the  south  of  this  gneissie  elevation  and 
pass  around  it  to  the  eastern  shores  of  Ontario,  thus  encircling  this  isolated  Azoic  for- 
mation by  the  later  Palsooioic  strata. 

Those  eastern  and  northern  outcrops  of  these  rocks  are  well  defined  and  of  great 
thickness  and  extent.  The  western  margins  are  not  so  clearly  shown;  their  outcrops 
are  thin,  indefinite,  and  but  seldom  seen.  Several  anticlinal  axes  of  the  lower  Palse- 
ozolc  strata  arise  within  the  Great  Basin.     One  traverses  Sliddle  Ohio,  Kentucky,  and 
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TenneBsee,  between  the  Alleghany  aod  Central  coal-fields,  nud  spreads  west  aruuod  the 
Bouthem  end  of  the  coal  formation8  in  Missouri,  encircling  the  Aioic  rocks  of  the  Ozark 
Mountains,  and  hounding  the  Washita  Ililis  in  Arkansas  and  the  granite  peaks  of 
Central  Texas;  while  ^vithin  the  Eastern  Appalaehian  chain  several  anticlinals  of  thia 
limestone  appear  in  Pennsjlvania  and  Virginia. 


IRON   ORES   OF   THE   GREAT   VALLEY   RANGE. 


hcfore  ohserved,  this  i 


These  < 
They  a 


tie  great  region  of  the  brown  hematites,  or  the  hydroted 
M  were  not  formed  in  tlie  manner  of  the  Azoic  magnetic 
ctier  found  in  strata  or  interealated  with  the  limestones 
variably  formed  in  bunches,  "nests,"  or 
of  the  hmeatones,  or  in  the  soft  clays 
t  thp  sandotones  and  slates,  both  to  the 


FiQ.  171 


-^^Ta^ 


>n  which  the>  e\i8t,  but  a 
,  m  the  hollows  and  cie 
e  outeropi  of  the  lime  a^ 
east  and  west  ot  the  valley 

The  eastern  oide  of  the  valley,  or  wheie  the  lime'itones,  slites,  and  shales  are  strati- 
fied on  the  Potsdam  sandstone,  is  its  most  peisi&tent  bed,  and  here  may  be  found  a 
range  of  brown  hematites  which  extend  from  the  Chattahoochee  in  Alabama  to  the 
Lehigh  in  Pennsyliania  and  how  fer  beyond  may  be  inferred  from  the  extent  of  the 
formation.  But  between  the  points  named  the  writei  is  familiar,  and  states  the  facta 
from  praetical  souioe'j  This  range  of  ore  i*"  persistent,  and  may  be  found  at  any  point 
within  the  distance  named,  but  it  is  developed  m  fai  greater  abundance  at  some  points 
than  others  Through  Tennessee  and  Virginia  it  exists 
in  an  almost  unbioken  line,  but  made  up  of  constantly- 
changing  depositi  Here  we  may  find  a  thin,  irregular 
stratum  of  ore  imbedded  in  clay,  there  a  mouni^n 
]OSB  grown  rot.ks  of  iron;  here  a  mere  string 
of  ore,  or  simply  led  or  oehry  clay,  and  there  a  sno- 
cesbion  of  "nests  '  distributed  without  strike  or  con- 
formity, 
/MKr^^^^^^lxCjl  ^^  ^^^  higher  grounds  of  Southwestern  Vir^nia,  in 

V^^^P^^,^^     Pnlaski,  Wythe,  and  Smyth  oonnties,  this  ore  presents 
a  partially  stratified  appearance,  and  exists  in  immense 
^r  L...W-,.  n.,.^..,,,..  ^^^^  lying  in  the  clajs,  which  always  accompany  it, 

but  never  stratified  between  other  roeks.  We  have  never  seen  sandstones  or  slates  over- 
lying it,  except  where  the  contractions  of  the  accompanying  rocks  have  forced  them- 
selves over  it  in  inverted  form. 

On  tie  northwest  side  of  the  valley  this  form  of  structure  or  deposit  is  not  so  promi- 
nent, though  the  same  character  of  nests,  benches,  and  masses  is  found.  The  distri- 
liution  is  not  so  general,  and  the  amount  of  ore  is  much  more  limited.  It  is  sometimes 
found  as  the  oxidized  outcrops  of  ferriferous  slates,  or  in  a  stratum  on  or  between  thin 
bands  of  limestones,  sandstones,  and  shales;  but  these  deposits  are  limited  and  have 
but  little  depth. 

In  addition  to  those  two  general  ranges  of  ore,  we  And  deposits  of  this  hematite  scat- 
tered promiscuously  through  the  valley  from  edge  to  edge, — in  some  places  assuming 
the  shape  of  ridges  and  hills;  in  others  we  find  it  deposited  in  the  hollows  or  crevices 
of  the  limestones;  sometimes  lying  against  the  face  of  sandstone  rocks  which  trarerse 
the  valley,  and  in  so  many  other  forms  that  it  would  be  tedious  to  describe  them. 

These  deposits  are  never  deep.  They  are  always  found  in  bunches  or  shallow  basins 
in  the  soft  clays  which  fill  the  depressions  of  the  limestones,  and  on  or  between  the 
rocks  without  regard  to  oonformability. 

Though  the  Azoic  belt  coniains  an  ini^akulable  amount  of  iron  oro,  and  mountain 
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massea  exist  which  would  seem  Bufficient  to  supply  the  wants  of  the  world  for  thouBanda 
of  years,  wo  hazard  nothing  in  stating  that  more  available  ore  esiata  in  {his  parallel 
range,  from  Alabama  to  Lake  Superior,  than  exists  in  ihat;  and  that  tlie  brown  oxides 
of  the  limestones  are  more  than  equal  iu  quantity  and  quality  to  the  magnetic  and 
Specular  ores  of  the  gneiss. 


PSOMraENT  LOCALITIES  OP  THE  BROWN  HEMATITES. 

We  shall  not  bo  able  to  name  hut  a  very  few  of  the  many  prominent  locaUtica  where 
this  ore  esists  iu  large  bodies. 

In  Alabama,  the  Carboniferous  or  mountain  limestone  approach  so  near  the  Silurian 
rocks  and  the  valley  limestones,  and  their  ores  are  so  similar,  that  we  shall  make  uo  dis- 
tinction. 

The  ores  found  at  Ked  Hilt,  on  the  southern  edge  of  the  Alleghany  coal-field,  and  in 
the  western  portion  of  the  State,  belong  to  the  Carboniferiu''  hmeitunes  It  is  rich  an  1 
exists  in  great  quantities.  That  at  Selbv  county  at  Columbiana  and  ehewhere  is  in 
the  Siluriaji.  These  ores  are  extremely  rich  and  yield  a!  cit  bO  ptr  (,ent  of  metal  in 
the  furnace. 

At  the  Mount  Polk  Furnace,  in  Benton  counts  we  i,xamined  aereril  large  mas  cs 
of  this  ore  that  may  literally  be  calkd  m  untaini  inl  whith  conta  n  jrolally  as 
much  ore  as  the  famous  iron  mountains  of  Missouri  Seveiai  yaiieties  otiit  there  -^ 
a  compact,  luatrouB,  and  crystalline  ore  u=ed  m  the  Hoomeries  foi  the  prcduution  of 
wrought  iron  direct;  a  loose,  grarelly  ore  made  up  of  sdid  angular  fragmi,nt&  and 
hollow  balls,  or  "geodea"  of  every  size  and  f  rm  a  1  arl  ]oruB  rfllrois  r)  wl  i  h 
though  extremely  rioh,  melted  easily  and  made  excellent  inn  and  a  yellow  oxide  r 
ochMous  ore. 

In  this  vicinity  there  are  several  valuabli,  ore-banks  r  depos  t-  of  1  r  wn  hema 
tite,  and  also  a  fosailiferons,  red  oxide,  which  exists  in  strata,  and  produces  an  excellent 
fibrous  iron  from  the  blast-furnace. 

The  Coosa  coal-field  lies  about  ten  miles  from  these  deposits.  The  coke  produced 
from  the  coal  of  the  upper  portion  of  this  field  is  estremely  pure,  and  productive  of 
good,  soft  iron  from  the  cupola  or  the  furnace. 

At  the  Bltje  Mountain  Iron  Works,  and  in  the  vicinity  of  Talladega  and  Gadsden, 
are  also  some  extensive  and  valuable  ore  banks  of  both  brown  and  red  oxides. 

At  He  Round  Mountain  Iron  Works  we  find  the  fossiliferous  red  oxide  (a  lenticular 
ore)  used  exclusively 

This  ore  always  exists  as  a  bed,  but  always  as  the  upper  formation,  and  resting  on 


the  sandstonea  of  tl 
the  ores  of  Montour, 


filing  very  nearly 
ia,  though  richer  and  softer.     But,  as  all  these  ores 
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lie  on  the  face  of  the  hiila,  or  haye  but  little  stratified  coveriDg,  they  are  naturally 
highly  osidized  and  soft. 

The  strata  dip  in  tlie  Round  Mountain  to  ihe  northwest  at  an  angle  of  about  45°. 
The  upper  face  of  the  mountain  is  ooTered  some  ten  or  twelve  feet  deep  with  tlie  ore, 
but  towards  its  base  it  runs  under  the  cover  of  the  slates,  sandstones,  and  limestines, 
which  basin  at  no  great  depth ;  the  opposite  outerop  has  not  been  discovered.  Near 
this  point,  a  short  distance  above,  and  about  thirty  miles  below  Rome,  ai"e  the  Corn- 
wall Furnaces  of  the  Messrs.  Noble,  operating  on  this  fossiiifeivius  red  oxide  and  char- 
coal,— as,  in  fact,  all  the  furnaces  of  Alabama  are  worked.*  The  ore  in  this  ici/ality 
is  very  extensive,  and  productive  of  excellent  iron.  This  range  of  red  oxide  may  be 
traced  for  a  hundred  miles  on  the  west  bank  of  the  Coosa,  with  but  little  interruption, 
escept  where  denuded.  We  presume  it  to  be  coextensive  with  the  Eastern  Appalachian 
chwn ;  but  nowhere  is  it  so  largely  developed,  or  bo  productive,  as  in  Alabama.  In  tie 
vicinity  of  Rome,  Georgia,  and  the  mountwa  ranges  to  tlie  cast  of  the  Lookout,  from  the 
Coosa  to  the  Tennessee,  are  numerous  and  extensive  deposits  of  both  brown  and  red 
oxides. 

At  the  Etowah  Iron  Works,  between  Kingston  and  Atlanta,  extensive  ore  banks  are 
developed  in  the  "  eastern  range"  on  the  edge  of  the  valley.  These  ores  are  brown 
hematites  exclnsively,  and  partake  of  the  character  of  this  range  generally.  From  this 
point  to  Jonesboro,  in  East  Tennessee,  these  ores  exist  at  intervals  in  every  hill-side  and 
ridge  projecting  from  the  western  foot  of  the  Blue  Eidge,  and  in  the  eastern  edge  of  the 
valley.  At  some  places  they  are  developed  in  masses,  and  all  points  more  or  less  avail- 
able ore  exists. 

In  the  vicinity  of  Chattanooga,  and  in  North  Creorgia  generally,  vast  beds  of  brown 
oxide  and  fossiliferous  red  oxide  are  found,  and  used  to  a  considerable  extent. 

At  the  LoNACHDCKT  Ieon  Works,  some  eight  miles  east  of  Jonesboro,  the  brown 
hematites  of  the  Eastern  range  are  developed  in  immense  deposits, — consisting  of  dense 
and  massive  conchoidal,  or  "liver  ores,"  porous,  or  fibrous  ores,  and  yellow,  or  ochreous 
ores.  These  works  have  been  in  operation  for  nearly  fifty  years,  though  idle  at  in- 
-  tervals;  and  while  ail  the  near  or  available  timber  has  disappeared,  no  impression  has 
been  made  on  the  ore. 

From  this  point  to  Marion,  in  Smythe  county,  Virginia,  the  Eastern  range  of  ore  may 
be  traced  in  almost  unbroken  beds  or  deposits}  and  from  Marion  to  the  "Old  Lead 
Mines,"  in  Wythe  county,  the  ore  is  found  in  immense  masses,  and  generally  in  the 
form  of  a  stratum  of  almost  solid  ore,  which  has  a  clean,  smooth  fracture;  is  hard,  yet 
brittle;  dense,  yet  not  refractory,  and  is  extremely  pure  and  productive,  and  has  been 
extensively  used  in  the  bloomeries  or  Catalan  forges  for  the  production  of  wrought  or 
bar-iron  direct.  In  the  vicinity  of  the  lead-mines,  in  Wyihe  county,  are  several 
furnaces  which  have  been  in  opcratiou  some  thirty  years  or  more,  and  which  have 
realized  fortunes  for  their  proprietors.  But  tliey  do  not  all  obtiun  their  supplies  from 
the  Eastern  range.  David  Graliam's  New  River  furnace  is  supplied  from  crevices  in 
the  limestones,  and  shallow  deposits  on  the  face  of  the  ridges;  but  the  amount  so  dis- 
tributed is  inexhaustible  as  the  supply  of  a  single  furnace. 

North  of  this  point,  in  Pulaski  county,  are  the  ore  banks  of  the  Laueei.  Dale  Iron 
Company.  This  deposit  is  massive  in  structure,  and  irregularly  stratified  in  the  soft 
clays  which  lie  at  the  base  of  the  Blue  Iltdge,  or,  more  properly,  the  ridges  which  pro- 
ject from  its  western  slope.  All  through  Pulaski  and  Montgomery  counties  this  range 
may  be  traced  with  almost  unbroken  ledges  and  masses  of  ore  along  the  Blue  Eidge. 
But  at  this  point  a  greater  development  of  ores  has  taken  place  than  elsewhere  in  the 
valley,  as  far  as  our  experience  goes. 


ab,Google 


lEON    CUES    OF    THE    XEW    lllVE 


THE   KEW  RIVER   ORE-BANKS. 


Not  jnly  n  bulk  1  ink  f  the  New  River  are  thn  browQ  osides  of  the  limostonea 
found  1  ut  the  th  I  anl  br  jivn  oxides  of  the  copper-region  are  also  penetrated  by  this 
stream  It  runs  foi  titty  inileg  thr  ugh  the  rich  iimeatone  valley,  abounding  in  iron 
and  leal  and  then  enters  the  Az  lo  fbrmations  to  the  east,  formerly  described  in  this 
connection  where  mmense  masses  of  red  and  brown  ores  esist.  Below  the  valley,  or 
west  of  the  villey  limestones  the  river  enters  tlie  mountain-ranges  of  tto  formationa 
OVerlyiDg  the  Matinal  Theie  mountain-ranges  are  made  up  of  heavy  sandstones, 
states  and  hmestone"  and  eontam  numerous  masses  of  brown  ores,  as  developed  in 
Giles,  Craig,  Minroe,  Alleghany,  Mercer,  and  Tazewell  counties. 

These  ores  may  not  be  of  any  great  value  for  the  production  of  iron  locally,  because 
the  (iinj>er  to  produce  charcoal  will  not  be  adequate  or  in  proportion,  though  the  moun- 
tain or  Azoic  region  in  Floyd,  Carroll,  and  Grayson  counties  is  almost  an  unbroken 
primeval  forest,  and  the  counties  before  named,  to  the  west  of  the  valley,  also  possess  an 
abundance  of  timber;  but  these  roEonrces  are  insignificant,  when  compared  with  the 
resources  of  this  region  in  iron  ores. 

But  the  Alleghany  coal-field  is  in  available  prosimity,  and  the  coals  of  the  Great 
Kanawha  and  the  ores  of  the  New  Elver,  in  Virginia  and  North  Carolina,  are  both  on  a 
scale  of  equal  magnitude.  We  will  not  exaggerate  if  we  compare  the  resources  of  tho 
Kanawha  in  this  respect  to  the  most  favored  localities  in  Pennsylvania,  not  even  except- 
ing the  Lehigh  region,  with  ita  coal  and  iron.  The  only  requirements  are  enterprise 
and  capital  to  develop  these  resources  and  to  combine  the  coal  and  tie  ores  by  rail. 

IRON   ORES   OF   THE   BLUE   EIDGE- 

From  this  point  north  the  Blue  Ridgo  will  he  recognized  as  a  common  name.  South 
of  the  New  River  it  is  known  by  various  names,  and  the  name  has  even  been  applied 
to  the  eastern  mountain-ranges  in  North  Carolina. 

The  pioneers  of  North  Carolina,  approaching  these  ranges  from  the  east,  might  well 
mistake  these  Azoic  mountains  for  the  Blue  Ridge  of  Virginia,  since  both  topographi- 
cally and  geologically  the  eastern  side  of  one  resembles  the  other.  But  the  Potsdam 
sandstone  forms  the  highest  elevations  of  this  mountaia-range,  if  we  except  tho  granite 
peaks  to  the  east,  and,  as  this  rook  underlies  the  limestones  and  follows  them,  the  Blue 
Ridge  proper  must  be  parallel  to  the  valley. 

The  ores  of  Laurel  Dale,  just  alluded  to,  lie  in  tho  ridges  projecting  from  this  moun- 
tain and  ia  the  eastern  range  of  brown  hematites.  From  this  point  in  Pulaski  county 
to  Botetourt  county,  this  ore  has  not  been  practically  developed,  but  evidences  of  its 
existence  are  plentiful  along  the  entire  line.  At  the  Clover  Dale  furnace  in  the  latter 
county,  it  has  been  in  use  for  over  thirty  years  for  the  production  of  gun-metal,  which 
has  supplied  the  Bollona  and  Tredegar  gun-foundries  since  their  establishment  for  the 
manufacture  of  most  of  thoir  guns.  During  the  rebellion  it  was  in  full  blast,  and  we 
understand  several  furnaces  in  the  vicinity  wore  repaired  and  put  in  operation,  while 
other  new  furnaces  were  built 

Still  further  north,  on  this  range,  is  Glenwood  furnace,  which,  however,  does  not 
produce  the  best  iron,  on  account  of  some  impurity  of  the  ore.  But  near  this  point, 
and  north  of  the  pass  through  the  Blue  Eidge,  where  the  James  River  leaves  the  valley, 
are  the  "North.  River  ore-banks,"  which  supplied  the  Westiam  furnace  with  most  of 
its  ore.  The  deposits,  however,  are  limited,  and  the  "nesta"  irregular,  but  the  ore  is 
very  good,  and  may  bo  traced  in  unbroken  lines  to  the  Buena  Vista  furnace,  some 
twenty  miles  further  to  the  north.  Occasionally  this  ore  is  miied  with  manganese,  and 
from  the  pass  of  the  James  River  to  tic  head  of  the  Shenandoah  streaks  of  this  mineral 
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exist  parallel  with  the  ore.     In  some  places  it  is  found  in  large  quantities  to  tiic  injury 

From  the  Buena  Vista  furnace,  in  Rockbridge  county,  to  Ilarpor's  Forry,  fliia  range 
of  ore  haa  been  worked  at  variouB  places;  but,  on  account  of  the  scarcity  of  the  timber, 
ro  ft  of  these  old  ore-bonks  are  now  abandoned  Sl'Il  the  ore  exists,  and  in  former 
bmes  large  quautit  es  of  iron  were  produced  bj  the  furnaces  in  this  part  of  the  Talley. 

We  cannot  n  enti  n  all  the  localities  m  the  villey  tf  \irginia  where  the  brown 
hematites  eai'it  in  prominent  mas  es  but  may  state  that  on  both  sides  of  the  valley, 
and  at  maii\  points  m  its  intencr  large  and  \aluftble  deposits  have  been  practically 
dcreloptd  M  e  may  nime  these  ^t  tl  l  Puaiing  Eim  tuii  ace,  Etna,  Vesniius,  Colfr 
pisi,  CI  litun,  Dullj    \a      U   i 

ORES   OF   THE   SOUTH  MOUNTAISS. 

These  mountiins  are  a  c  ntinuation  of  the  Blue  Ridge  of  Virginia,  in  (he  s.ime  geo- 
logical formations  anl  with  the  same  Oies  but  hcie  the  Primal  slates  and  sandstones, 
including  the  Ptt-jdam  aie  rppeatel  ^nl  undulaled  in  folded  axes.  The  range  of  the 
valley  limestones  through  Marylani  i*:  limittd  to  a  naiTOw  strip,  but  the  same  litho- 
logical  structure  i*)  maintained  and  the  same  ore>"  in  the  same  geological  position  are 
found  eorretponding  with  thoit  lefcre  dccril  ed  1\  e  may  here  remark  that  the  eastern 
range  is  not  in  the  yolley  hmebtone  but  rather  on  the  Primal  rocks  bordering  this  side 
of  the  valley. 

As  before  noticed  the  eastern  nnge  of  Vr  vn  hematites  frequently  develops  in  large 
masses  or  deposits  on  the  wcJtem  flink  of  the  Blue  Ridge.  The  South  Mountains  are 
formed  by  an  enlargement  or  spread  of  the  Blue  Ridge  range,  which  bends  to  the  west 
through  the  Cumberlmd  and  Lebanon  Valley*  forming  a  crescent,  witli  its  horns  at 
Harper's  Ferry  and  Eeading   and  it*)  ridiu'j  at  the  South  Mountains. 

The  South  Mountain  "ore-banks"  are  about  the  centre  or  most  western  point  of  the 
bend,  and  among  the  ridges  or  Silurian  hills  which  flank  the  western  sides  of  the  Azoio 
mountains.  On  the  opposite  or  eastern  flank  are  the  magnetic  ranges  before  described, 
but  here  concealed  by  the  Mesozoic  sandstones,  which  are  pierced  by  the  ti-appean  rocks 
peculiar  to  the  Anoic,  which  the  Mesozoic  conceals. 

The  ore  is,  we  believe,  entirely  brown  hematite,  but  diversified  by  the  varieties  which 
always  esist  in  tJiose  mountain  masses, — such  as  fhe  compact,  crystalline,  porous, 
honeycomb,  ochreons,  and  m an ganite,— forming  of  themselven  a  good  mixture  for 
leduetion  in  the  blast-furnace. 

Manganese  is  generally  found  accompanying  the  brown  oxides  of  tills  eastern  range, 
as  it  sometimes  is  in  that  of  the  west  and  in  the  isolated  deposits  of  tie  valley;  but  it 
is  seldom  intimately  mised  with  the  ore.  Certain  layers,  however,  contain  appreciable 
quantities,  and  the  ore  can  be  used  in  the  furnace  with  or  without  it.  "When  used  in 
the  shape  of  manganite,  from  5  to  10  per  cent,  can  be  mixed  with  the  burden  of  the 
furnace  to  great  advantage  in  the  reduction  and  improvement  in  the  quality  of  the  iron 
produced. 

When  very  soft  pig-iron  is  required,  the  manganite  is  not  used ;  when  hard  iron  is 
required,  it  is  used  in  large  quantities;  but  when  strong,  fibrous  iron  is  desired,  a 
moderate  quantity  can  be  used  to  great  advantage. 

It  is  not  generally  known  that  a  judicious  mixture  of  this  ore  with  a  vanety  of  the 
brown  hematites  not  only  saves  flus,  but  operates  wRh  much  economy  in  the  reduction 
of  fuel.  We  have  tried  numerous  practical  experiments  in  this  respect,  and  found  that 
almost  any  quality  of  iron  might*  be  produced  by  those  mixtures,  and  that  a  reduction 
of  one-third  the  quantity  of  coal  was  not  onry  possible,  but  eminently  practical. 

The  value  of  our  magnetic  ores  depends  i  u  their  fusibility,  or  their  purity  and  yield. 
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They,  however,  generally  contain  a  small  amount  of  manganese  when  found  in  the 
vicinity  of  limeBtone,  as  In  some  parts  of  the  Sterling  Mountain  of  New  York.  In  such 
cases  they  are  more  calcareous  than  ailioious,  and  are  reduced  with  a  less  amount  of 
fuel  than  when  highly  silioiouB  and  refractory. 

A  charcoal-furnace  and  bioomory  has  long  been  in  operation  at  Mt.  Holly,  and  are 
supplied  with  ores  from  the  South  Mountain  ore-bank.  The  iron  produced  has  always 
been  celebrated  for  its  strength  and  tenacity,  particularly  when  in  the  shape  of  bar- 
iron,  and  the  blooms  produced  fiiDm  the  ore  direct  command  an  advance  above  the 
general  market  price. 

These  ore-beds,  or  banks,  hare  recently  been  purchased  by  the  South  Mountain  Icon 
Company,  of  which  Hon.  Henry  D.  Moore,  of  Philadelphia,  is  President.  The  estate 
embraces  20.001)  acres  of  ore,  timber,  limestone,  and  farming-land.  The  ore-banks  are 
about  14  miles  southward  from  Carlisle,  on  the  Cumberland  Valley  Railroad,  Arrange- 
ments are  now  being  made  to  connect  the  mines,  or  banks,  with  this  line,  which  will 
put  them  in  direct  communication  with  the  anthracite  furnaces  of  the  Susquehanna, 
thus  providing  a  source  of  supply  much  demanded  by  these  furnaces,  and  a  largo  and 
growing  market  for  the  production  of  the  mines. 

An  analysis  of  the  South  Mountain  ore,  made  by  Du  Bois  &  Williams,  of  Philadelphia, 
will  be  found  below.  It  gives  a  high  percentage  for  this  class  of  ores,  and  compares 
favorably  with  the  general  yield  of  the  Lake  Superior  or  Cornwall  ores.  Forty-five  per 
cent,  is  above  the  average  yield  of  our  brown  hematites ;  but  wo  have  reason  to  think 
that  the  ores  of  the  South  M:juntain  will  exceed  that  amount,  and  when  selected  will 
yield  fifty  per  cent,  in  the  furnace. 

Analysis  of  the  South  Sfouniain  ffematile. 

Peroxide  of  iron 78.78 

Peroside  of  manganese 8.60 

Silfli  or  Silica 2.20 

Water  and  loss ■  11.62 

Metallic  iron,  64.47 100.00 

THE   IRON   HILLS   OF   COKNWALL. 

This  singular  deposit  of  ores  is,  we  believe,  peculiar  to  the  locality.  They  are  pro- 
duced by  th"  inti-iiolnri  aF  ii  tran  r1ito  which  Originates  in  the  Aioic,  though  bursting 


through  the  overlying  Mesozoic,  near  tie  South  Mountains,  and  which  enters  (he 
valley  near  Cornwall  in  Lebanon  county,  Pennsylvania.    Here  the  volcanic  or  trap 
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eruption  teraiinatea  tetween  the  limestones  of  the  yallej  and  the  primal  slates,  but  in 
the  great  Eiistei'n  range  of  bronn  hematites  Vi'liich  vie  are  tracing, 

The  form  whith  these  igneous  rocks  assome  at  this  point  is  suggestive.  Generally 
they  Bfireadouton  thesarface  and  conceal  the  crater,  if  auch  existed;  but  here  tbej  form 
a  crater,  or  separate  so  as  to  form  a  dish-ehaped  rim  of  trap  nearly  around  the  deposit  of 
ore.  These  volcanic  rooks  contain  but  little  iron,  and  present  no  evidence  of  having 
emitted  the  iron  of  this  deposit  from  the  bowels  of  the  earth.  We  find  here  masses  of 
iron  almost  in  a  metallic  state ;  but  it  is  evident  that  these  are  the  result  of  the  great 
heat  which  operated  on  the  brown  oxides  of  tils  locality,  existing  before  the  intrusion  of 
the  trap.  This  volcanic  rock  proves  itself  of  late  origin,  because  we  fiad  it  piercing  the 
overlying  Mesozoic, 

The  ores  of  Cornwall  are  cot  purely  magnetic,  but  contain  a  small  portion  of  brown 
oxide,  sulphurots,  and  oxides  of  copper. 

The  formation  of  these  ores  is  peculiar.  They  are  evidently  sedimentary,  but  owe 
their  occurrence  chiefly  to  the  action  of  -volcanic  heat  on  the  accompanying  rocks,  and 
perhaps  Uie  vraters  acting  on  the  sublimated  vapors,  escaping  from  the  fissures  formed 
by  the  ejected  trap,  or  through  the  influence  of  both  combined. 

Prof.  Rogers,  in  his  Geology  of  Pennsylvania,  thus  explains  the  formation  of  this 
peculiar  deposit; — 

"  At  this  locality  the  actioDS  collecting  the  oxide  of  iron  into  Its  present  conditions 
have  been  somewhat  complicated.  The  ferruginous  Primal  slate  haa  been  meta- 
morphosed, and  its  oxide  of  iron  segregated  and  crystallised  through  the  influence  pro- 
bably of  highly-heated  volcanic  steam,  and  the  sarae  influence  has  produced  a  very 
general  cleavage  structure.  During  the  same  action,  or  subsequently,  numerous  injco- 
tJons  of  molten  hot  lava,  resulting  in  dikes  of  trap  rook,  have  invaded  the  stratum,  and 
have  still  further  changed  the  condition  of  the  mass,  infusing  among  it,  probably  by 
sublimaljon,  some  trappean  mineral  matter,  and  especially  some  sulphuret  and  carbonate 
of  copper ;  and  since  these  subterranean  influences,  the  atmosphere,  through  its  rains, 
haa  exerted  itself  through  countless  ages  to  modify  still  further  the  chemical  and  phy- 
sical condition  of  the  shattered  and  fissured  moss  and  its  contained  oxide  of  iron. 

Fig,  172. 


^^V 


EsPLUfinoN. — arepreseNts  mc  in, closely  rcsomliling  Ihe  "Snln- 

Blat«B  ;,  but  OB  thf>  BooBi  side,  at  It,  tho  Mesosoic  red  sandstones  overlap  those  elates  (e)  in  tin  unconftirraabla  man- 

tttTough  wMch  the  trap  Juti  burgt. 

"  This  great  iron-ore  deposit,  by  fe,r  fie  most  extensive  and  one  of  the  most  interest- 
ing in  the  State,  is  situated  at  the  outcrops  of  the  Primal  upper  slates,  where  they  rise 
from  beneath  the  Auroral  limestones,  in  Lebanon  county,  on  the  southeast  border  of  the 
Kittatinny  Valley. 
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"  The  ore-strata  are  embraced  in  three  hills,  having  a  nearly  eoBt-and-west  ran^f. 
These  bills  ate  flanked  on  the  north  bj  the  Auroral  limestonea,  and  south  by  the  over- 
lapping unconformable  Mesozoic  red  sandstone,  which  forms  a  high  ridge,  prolonging 
east  and  west  and  overlooking  the  valley. 

'■  The  eastern  or  '  Big  Hill'  is  elevated  312  feet  above  the  level  of  the  creek  at  ita 
base.     Tlie  middle  Mil  is  98  feet  high,  and  the  western  hill  7S  feet  high. 

"  The  bonnding  wall  of  the  ore  in  the  Big  HiU  is  a  heavy  dike  of  trap,  which  varlen 
in  regard  to  texture  and  composition  as  the  feldspathio  or  hornblendio  element  predomi- 
nates. This  massive  dike,  the  thickness  of  which  seems  nowhere  less  than  40  feet,  and 
probably  greatly  exceeds  this,  encircles  the  hill  on  three  sides." 

It  appears  that  this  bounding  wall  of  trap  also  exists  on  the  fourth  side,  but  is  con- 
cealed by  debris.  These  walla  of  trap  form  a  basin  or  receptacle  for  the  ore,  as  sliowu 
in  figure  172. 

Iron  ores  occur  in  bo  many  different  forms,  and  under  so  many  chemical  combinations, 
that  no  one  theory  of  formation  can  cover  the  ooincidenta  and  conditions  with  which 
and  in  which  they  are  found.  This  deposit  of  ore  differs  in  charaoter  and  structure 
from  the  ores  of  the  great  limestone  region  which  we  have  been  tracing ;  but  tho  mate- 
rial change  must  be  ascribed  to  the  trap  dike  which  here  invades  the  mineral  range, 

and  the  volcanic  heat  which  must  have  accompaaied  it    and  perhaps  the  sol  t   u  g     u 

by  Prof.  Rogers  is  the  best  theory  that  can  be  offered 

To  account,  however,  for  the  formation  of  the  isolated 

hematitio  masses  found  throughout  this  great  Iime- 

Btone  region,  or   the  continuous  range  of  bemat  tic 

ores  which  exist  along  the  eastern  slopes  of  the  Blue 

Ridge,  we  must  seek  some  other  theory.     But  since 

there  are  so  many  theories  we  shall  dealine  the  taak 

merely  presenting  such  faots  in  relation  as  may  shed 

some  light  on  the  subject 

FORMATION   OF   THE   BROWN   HEMATITES 

The  hematites,  or  brown  oiides,  do  not  appear  to 
exist  except  in  the  vicinity  of  limestone :  yet  there  is 

ao  evidence  of  their  originating  from  the  limestones  s  nee  U  ese  roeka  c  nta  n  but  i 
small  proportion  of  iron.  The  ferriferous  rocks  ot  this  region  are  generally  those  which 
underlie  the  limestones,  though  the  overlying  sandstones  also  contain  the  ores  of  iron 
in  various  forms.  Throughout  the  great  valley  range  the  deposits  of  ore  are  generally 
found  on  the  slates  and  sandstones,  or  between  the  limestones  and  overlying  or  under- 
lying rocks.  But  when  tho  limestones  are  stratified  horizontally,  covering  or  conceal- 
ing these  rocks,  the  ore  is  always  found  in  Assures,  as  represented  in  figure  173. 

It  would  therefore  appear  that  tho  substance  forming  these  ores  is  obtained  from 
other  formations  than  the  limestones,  but  that  the  chemical  action  which  separates,  segre- 
gates, or  precipitates  them,  is  supphed  by  the  latter. 

Where  the  limestones  and  the  ferriferous  slates  and  sandstones  meet,  these  ores  are 
generally  found  in  "nests,"  deposited  in  beds  of  clay,  as  shown  in  figure  171.  The 
great  mineral  rangewhich  exist  on  the  Primal  slates,  or  between  them  and  the  overlying 
limestones,  and  which  we  have  traoed  from  Alabama  to  Pennsylvania,  is  always  in  such 
beds  of  clay,  and  almost  invariably  accompanied  by  manganese.  These  beds  of  clay 
are  peculiar  to  this  locality  and  range.  They  are  singular  in  character  and  form,  and 
are  made  up  of  almost  all  colors,  from  the  most  delicate  pink  and  red  to  the  purest 
white,  and  from  the  most  tenacious,  adhesive,  and  plastic  nature  to  the  moat  loose, 
ftiablo,  soft,  and  treacherous  nuioksands.    In  the  harder  clays,  th«  nesta  of  ore  are 
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usually  found,  but  they  are  frequently  out  through  hj  quieksand  courses.    We  also  find 
n  connection  ■with  theae  nests  of  ore  large  bodies  of  fine  ochreous  powder,  resembling 


effeeta  on  metals,  when  the  fl 

n-shape,  though  often  cut  down  and 
re  very  irregular  in  size,  constantly 
ionally  existing  in  great  n 


"Tripoli  polish,"  and  almost  equal  to  c 
■quality  is  selected. 

The  ores  of  these  clay  deposits  are  always  in  basin 
through  hy  erosions.     They  do  not  lie  deep,  an 
increasing  and  decreasing  in  extent,  and  only  o 

The  brown  hematites  of  the  ■western  side  and  centre  of  the  valley,  when  existing  on 
the  slopes  of  the  sandstone  formations,  or  between  the  limestones  and  the  underlying 
rocks,  are  not  generally  found  in  nests,  or  enclosed  in  masses  of  clay,  and  the  ores  are 
more  massiye  in  structure  and  harder  in  character,  though  generally  less  in  quantity. 
They  are  seldom,  however,  stratified,  and  are  generally  accompanied  with  limited  bodies 
of  clay,  in  which  they  are  imbedded. 

The  ores  found  in  limestone  fissures  are  much  the  same  in  character,  and  always 
accompanied  by  clay  to  a  greater  or  less  extent.  This  form  of  deposit  is  extensively 
developed  at  the  Ironton  mines,  and  the  hematite  formations  on  the  Lehigh  generally. 
Most  of  the  hematites  furnished  to  the  numerous  furnaces  on  the  Lehigh  Biver  are  from 
the  limestone  fissures.  Some  of  these  mines,  ■we  loam,  are  200  feet  deep,  and  we  hare 
not  heard  of  any  bottom  being  found.  We  should  espect  such  fissures  to  reach  the 
underlying  slates  or  sandstones;  but  we  do  not  think  any  of  them  are  very  deep,  since 
they  generally  exist  where  these  lower  formations  are  in  close  proximity.  At  great 
depth  we  have  generally  found  each  fissure  deposits  to  terminate  in  iron  pyrites,  or  the 
sulphurets  of  other  minerals  to  predominate,— such  as  lead,  zinc,  copper,  &c 

These  fissures  could  not  have  been  filled  from  the  surface  by  precipitation,  since  in 
that  case,  instead  of  the  narrow  fissure  containing  all  the  ore,  we  might  expect  to  find 
it  abundant  on  the  surface,  or  around  the  fissure.  But  that  is  not  the  case;  the  flesuro 
ftlone  is  filled, — not  with  the  formations  which  surround  it,  but  with  iron  and  clay, 
which  were  produced  from  or  by  the  lower  rooks;  and  we  have  no  doubt  but  that  the 
fisBuree  themselves  were  created  by  the  accumulated  gases  which  sought  vent  either 
between  the  formations,  as  at  the  junction  of  the  limestones  and  the  underlying  rocks, 
or  through  them  when  nearly  horizontal,  and  offering  no  other  means  of  escape.  Sub- 
limation, therefore,  must  have  produced  most  of  our  brown  hematites.  But  they  may 
also  have  been  formed  by  the  decomposition  of  iron  pyrites  and  the  disintegration  of 
the  ferriferous  rocks.  But  sublimation,  internal  heat,  volcanic  steam,  and  water,  with 
the  action  of  subsequent  frosts,  fires,  and  atmospheric  changes,  have,  no  doubt,  produced 
much  of  our  highly  oxidized  ores.  We  find  the  outcrops  of  calcareous,  earbonaeenue, 
argillaceous,  and  other  ores  greatly  changed  from  their  normal  condition,  and  assuming 
the  character  of  brown  hematites:  in  fact,  this  seems  to  be  the  result  of  all  oxidization 
when  perfect;  though  there  are  other  forms  in.  which  such  ores  esist,  as  red  oxides, 
&o.  &c. 

CONTINUATION  OF  THE  VALLEY  RANGE. 

We  have  only  a  few  words  more  to  say  in  connection  with  this  subject.  We  hare, 
in  the  early  pages  of  this  work,  given  the  range  and  extent  of  the  Auroral  and  Mntmal 
limestones  as  coextensive  with  the  Primal  rocks,  or  the  Palseozolc  formations  of  the 
continent,  and  closely  following  the  gneissic  belt  before  described.  It  would  be  tedious 
to  follow  this  formation  in  its  vast  range  to  the  north  and  west  as  we  have  traced  it 
from  the  south,  nor  would  our  time  and  space  admit  of  such  a  course.  We  do  not  think 
this  great  limestone  belt  is  as  productive  of  ore  to  the  north  as  to  the  south ;  but  that 
the  hematites  exist  throughout  the  range  in  large  and  available  quantities,  the  many 
developments  which  have  been  made  abundantly  testify. 
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But  th  beraatitio  regions  are  not  confined  entirely  to  the  limestones  of  the 
A  lad  Matinal  periods.     The  brown  hematites  are  also  found  to  a  limited  *stent 

am  n  h  limestones  of  a  later  period,  and  in  the  mountain  or  Carboniferoua  limestones 
of  th  al-fields.  These  formations,  however,  do  not  produce  these  ores  in  equal 
alunian  with  the  older  limestooea;  in  fact,  their  occurrence  is  rare,  except  where 
th  n  tituta  the  outcrops  of  other  ores,  or  ferriferous  strata.     But  tlie  evidence  we 

have  given  of  the  abundance  of  the  brown  hematites  within  the  great  basin  auffioientljf 
demonstrates  its  unlimited  and  ineshaustible  supply. 

The  locations  of  these  ores  are  sueh  that  they  are  brought  in  close  connection  with 
the  coals  of  the  anthracite  fields  on  the  Susquehanna,  Schuylkill,  Lehigh,  Delaware, 
ajid  Hudson  Rivers.  On  the  lakes  and  Western  rivers  the  ores  descend  tc  the  coal,  and 
proceed  in  procession  to  the  markets.  In  the  South  the  same  thing  happens;  on  the 
Kanawha,  the  Tennessee,  and  the  Coosa,  the  ores  descend  to  the  coal,  and  both  proceed 
together  to  their  markets.  The  ores  of  Lake  Champlain  and  the  Hudson,  and  the  coals 
of  Pennsylvania,  advance  to  meet  each  other,  and  then  both  take  the  same  route  to  the 
place  of  consumption.  On  the  Lehigh,  the  Schuylkill,  and  the  Susquehanna,  the  coal 
descends  to  the  ores,  and  both  join  the  procession  to  the  markets  of  the  East.  Thus,  the 
distribution  of  both  ores  and  coal  is  eminently  available  and  in  practical  proximity. 

THE  STPATIflED  OR  SEDIMENTARY  ORES. 

By      1  m     t    y  m     n  the  stratified  or  bedded  ores  of  the  coal-fields,  and  those 

f  tl     f    m  t  m  d    t  ly  preceding  the  coal  measures.     To  this  class  belong  the 

f  as  1  f  f  Bl    m  b  rg  and  the  block  ores  of  Danville,  the  stratified  ores  of 

B  ad  T  p  d  H  11  d  V  1  g,  the  "lenticular"  ores  of  Western  New  York,  the  ores 
of  th      IP      S    q    1  nd  the  "fibrous  red  osides"  of  Tennessee  and  Alabama. 

Th     f      1  f  It!"  and  "fibrous"  are  red  osides,  and  eiist   principally 

th       8    g     t  f  Rogers.     The  ores  of  the  Meridian  formations  succeeding 

ar    m    tly  b    w         d  d  exist  in  thin  layers  imbedded  in  clay,  and  generally  in 

contact  w  th  p        m  ty  to  the  limestones  of  that  era.     The  ores  of  the  "Cadent" 

and  "  Vergenf '  series  are  generally  calcareous  or  foasiliferous, — but  partake  more  of  the 
red  than  the  brown  or  hydrous  character.  All  these  beds  of  ore  are  thin,  and  not  gene- 
rally very  productive;  but  they  are  widely  distributed,  and  generally  rich  in  metallic 
jield  near  their  oxidized  outcrops:  they  depreciate,  however,  when  protected  by  heavy 
strata  of  impervious  rock  or  slate  from  the  action  oi  frost  and  heal,  water,  wind,  and 
sunshine.  But  below  those  influences  these  ores  are  lean,  thin,  and  expensive  to  mine. 
The  rich  red  oxide  (fibrous)  of  Tennessee  and  Alabama  lies  on  the  face  of  the  ridges, 
generally  without  covering,  and  always  open  to  the  infiuences  of  water,  frost,  and  heat. 
But  when  not  exposed  to  those  influences,  they  are  neither  rich  nor  available,  being  lean, 
silicious,  and  hard.  The  process  of  deoxidiiation  to  which  these  ores  have  been  sub- 
jected disintegrates  and  changes  the  structure  of  the  mass,  separating  the  particles  of 
iron  from  the  earthy  matter,  leaving  the  latter  in  dust  or  clay,  and  the  former  in  con- 
centrated mass. 

This  process  is  singular,  but  it  is  not  confined  to  these  beds  alone.  All  stratified  ores 
with  which  we  are  familiar,  except  the  rich  carbonaceous  ores  of  the  coal-fields,  are 
subject  to  like  influences  when  exposed  on  their  outcrops  or  when  concealed  in  the 

The  calcareous  ores  of  Johnstown,  in  Cambria  county,  now  used  so  extensively  at 
tie  Cambria  Iron  Works,  were  extremely  rich  at  their  oxidized  outcrops,  and  yielded 
double  their  present  percentage  of  metallic  iron.  The  red  oxides  of  Danville  were  rich 
and  promising  when  first  developed,  and  for  a  considerable  distance  under  cover  their 
yield  was  good  and  they  were  mined  at  a  reasonable  cost;  but,  on  being  followed  below 


n  by  Google 


564  GENERAL    DieTEIEUTIOK   OF   IRON    ORES. 

water-level  and  beyond  the  influences  of  the  atmoaphero,  tlicj  bcoamo  lean  and  llim. 
and  are  now  abanduDed  aa  nut  available. 

These  ores  are  generally  the  result  of  precipitation  in  water,  from  the  ferriferous 
material  which  it  contained,  either  in  solution,  or  as  derived  from  volcanic  eruptions. 
They  are  seldom  or  never  rich  in  their  normal  condition,  but  exifit  sinjply  as  ferriferous 
strata,  and  only  develop  available  ores  when  exposed  to  tJie  chemical  action  of  heat, 
water,  or  atmospheric  influences. 

These  ferriferous  beds  exist  throughout  the  PalEeozgio  formations  in  every  grade  of 
richness  from  two  or  three  to  fifty  per  cent,  of  metallic  iron.  We  find  these  strata  out- 
.  cropping  everywhere  in  the  anthracite  regions;  but,  unfortunately,  they  seldom  contain 
enough  iron  to  become,  through  oxidization,  available  in  the  furnace.  But  many  of  the 
argilla^ieous  and  silieious  ore-beds  of  tho  anthracite  measures  could  he  used  with 
economy  in  the  blast-furnace,  if  mined  at  available  rates.  By  slow  calcination  or  long 
exposure  to  the  elements,  the  ciay  and  siles  disintegrate  and  the  iron  separates  from 
these  earthy  impurities,  leaving  them  generally  in  the  form  of  dust  or  fine-grained 
powder,  which,  under  a  process  of  crushing  and  washing,  can  be  entirely  separated 
from  the  ore  and  with  much  economy  in  use. 

OEES   OF   THE   COAL   MEASURES. 

The  ores  of  our  coal-fields  are  numerous  and  widely  distributed;  but,  unfortunatflly, 
their  beds  are  generally  thin  and  their  yield  is  low.  But,  though  not  as  rich  as  tho 
mine-ores  of  South  Staffordshire,  England,  they  wiH  compare  favorably  with  the  ores 
of  the  Welsh  coal-fields,  which  are  so  extensively  used  in  the  blaBt-fumaces  of  Wales. 

The  table  of  analysis  which  we  take  the  liberty  of  copying  from  Rogers's  State 
Survey  shows  the  average  yield  of  the  anthracite  ores  to  be  equal  to  the  yield  of  the 
Welsh  ores;  while  the  yield  of  the  ores  of  the  bituminous  measures  is  in  excess. 

In  the  anihraoite  regions  these  beds  of  ore  do  not  present  favorable  positions  for 
mining  with  economy:  they  are  generally  enclosed  in  heavy  walls  of  hard  rook,  and 
are  generally  too  thin  to  mine  without  removing  the  accompanying  top  or  bottom  strata. 
In  a  few  caees  they  exist  above  coal-seams  and  in  such  close  proiimity  as  to  admit  of 
one  being  mined  with  the  other;  but  this  is  the  exception  and  not  the  rule. 

While  the  red-ash  measures  contain  more  of  the  ferruginous  roets,  and  we  find  iro 


diffused  more  generally  through  their  measures,  among  the  white-ash  beds  of  coal  are  found 
the  most  consistent  beds  of  ore, — that  is,  the  ores  of  iron  exist  in  peculiar  strata  rather 
than  diffused  through  the  mass.  We  frequently  find  small  beds  of  ore  in  tho  vicinity  of 
the  conglomerate;  but  those  are  thin,  irregular,  and  lean.  The  first  important  ore-bed 
which  we  find  in  the  anthracite  regions  is  above  B,  or  tho  Buck  Mountain  coal-bed,  and 
in  the  vicinity  of  C.  This  undoubtedly  produces  tho  ores  which  we  find  so  frequently 
cropping  out  behind  the  Mammoth  throughout  the  anthracite  regions ;  and  not  only  tho 
antliracite,  but  we  find  it  also  consistent  throughout  the  Great  Alleghany  coal-field. 

It  is  developed  at  the  Barclay  and  Blossburg  mines,  and  used  extensively  at  Johns- 
town, in  the  Cambria  Iron  Works,  and  is  found  and  nse4  extensively  in  Armstrong, 
Venango,  Clarion,  Mercer,  Butler,  Beaver,  and  Alleghany  counties;  while  on  the  Great 
Kanawha,  in  West  Tlr^nia,  it  is  found  on  its  consistent  horinon  over  the  ferriferous 


This  bed  of  ore  varies  in  the  anthracite  regions  from  twelve  inches  to  thirty  inches  in 
thickness,  and  yields  from  20  to  40  per  cent  of  iron  It  is  however,  extremely  silicioua 
in  the  anthracite  measures,  but  contains  a  small  percentige  of  lime  end  manganese. 
This  ore  is  a  protocarbonate  wherever  found  alwa^s  (.fntaining  more  or  Jess  carbonate 
of  lime,  and  sometimes  a  small  amount  of  the  carbsnites  of  magnesia  and  maaganese, 
ions  it  is  sometime'^  a  tilcareous  ore,  containing  so  large  an 
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amount  of  lime  aa  to  become  b,  ferruginous  limestone.  The  outcrops  of  tl 
always  oiidized,  and  present  either  a  red  or  brown  hematite,  in  which  ca> 
rich  and  productive. 

In  the  vicinity  of  the  Mammoth  we  find  several  small  seams  of  ore ;  but  they  are  not 
of  a  size  or  character  eret  to  render  them  available  for  the  production  of  iron  to  any 
eitent. 

The  second  bed  of  importance  is  in  the  vicinity  of  the  Primrose,  G.  This  is  a  black 
band,  and  may  be  the  same  as  that  which  is  developed  in  the  Beir  Valley  basin  though 
we  are  not  familiar  -with  the  locality  of  this  black  band  in  that  basm  "Wp  Lqdw  how 
ever,  that  the  Primrose  bed  does  not  extend  far  in  that  dirPCtion 

There  are  numeruua  small  beds  of  ore  among  the  J'ed  ash  coal  si 
in  close  proximity  to  the  coal,  and  always  above  it.  Most  of 
these  ores  may  be  mined  with  economy;  but  their  silicious 
character  will  prevent  their  use  in  the  blast-furnace,  unless 
prepared,  as  before  stated,  by  burning,  crushing,  and  washing 
This  process  is  not  espensive,  and  the  ore  resulting  can  be 
reduced  with  a  comparatively  small  amount  of  flux  and  a  cor 
responding  proportion  of  coal. 

The  accompanying  figure,  174,  represents  the  combination 
of  coal  and  iron  as  found  generally  in  the  English  and  Welsh 
coal-fields.  The  connection  of  coal  and  iron  is  also  found  in 
the  same  proximity  in  the  anthracite  red-ash  beds,  but  the 
proportional  amount  of  ore  is  much  less,  while  the  coal  is 
generally  much  greater. 

In  some  portions  of  the  Eiohmond  (Tirginia)  coal-field,  par-  coal  and  inoi 

ticulatty  in  the  Deep  Run  basins,  a  carbonate  of  iron  overlies 
the  principal  seam,  as  represented  above,  but  the  ore  is  less  and  the  coal  greater  i 
portion,  as  :n  the  case  of  the  anthracite  red-ash  seams. 


ORES   OF   THE   BITUMINOUS   COAL   MEASURES. 

The  principal  bed  of  the  bituminous  fields  is  that  which  we  have  mentioned  as  existing 
above  B,  or  in  conneution  with  the  buhrstone  or  ferriferous  limestone.  This  bed  seems 
fo  be  coextensive  with  the  measures  in  which  it  exists,  which  spreads  over  the  greater 
portion  of  the  vast  Alleghany  coal-field,  and,  perhaps,  may  be  found  as  extensive  as  tlio 
horizon  of  coal-bed  B,  or  the  limestone  which  it  accompanies. 

Its  thickness  varies  from  one  to  four  feet,  and  its  yield  of  metallic  iron  is  from  25  to 
50  per  cent.  If  each  square  yard  of  this  seam  is  capable  of  producing  one  ion  of  iron 
— which  is  a  low  estimate — throughout  one-half  the  area  of  the  AUeghany  coal-field,  the 
total  amount  on  comparison  would  sink  into  insignificance  the  celebrated  iron  mountain 
of  Missouri  and  cover  out  of  sight  the  great  iron  regions  of  the  takes. 

But  this  ore,  when  mined  beyond  the  influences  of  the  atmosphere,  will  not  produce 
good  iron  without  an  admixture  with  the  brown  hematites  of  the  limestones  or  the  ores 
of  the  gneissic  belt,  and  these,  as  we  have  shown,  are  always  av^lable  to  our  great 
manufacturing  centres.  A  combination  of  the  magnetics  and  specular  ores,  which  are 
"cold-short,"  w'ith  these  calcareous  ores,  which  are  "red-short,"  produces  a  good  iron 
for  all  ordinary  purposes ;  while  an  admixture  of  hematites  with  the  calcareous  ores 
answers  the  same  purpose. 

There  are  two  prominent  seams  of  iron  ore  found  in  the  lower  coal  measures  of  the 
Alleghany  fl eld.  The  second  lies  some  distance  above  the  &uAra(one  ore,  and  in  the  vicinity 
of  the  rreeport,  or  Curlew,  limestone.  The  exact  locality  of  this  ore  we  cannot  fix, 
but  believe  it  to  be  on  the  same  horizon  with  the  ores  in  the  vioinity  of  the  Mammoth 
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thratite  regions.     But  this  ore  ia  less  reliable  than  the  first,  and  is  nof  so 

its  spread      On  the  Great  Kanawha  it  is  found  in  workablo  dimensions, 

and  its  outcrops  may  he  found  at  intervals  throughout 

this  great  field;  but  it  ia  seldom  developed  in  a  condition 

to  attract  attention.* 
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ed  m  stiata  throughout  the  Appalachian 
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w  IS  found,  and  i«  the  first  to  be  pre- 

te      rom  great  Tolcanic  eruption.     We  find, 

ee  of  lime  important  to  the  chemical 
ra  g    gation  of  the  iron  from  its  aceompan j- 

m  nd,  thougii  not  invariably,  we  gene- 

purer  and  in  greater  quantities  ia 
m  tone  than  -nlien  beyond  its  influence, 
the  ore  is  due  to  other  causes;  and 
when  we  find  the  carbonate  of  iron  in  the  coal  measures 
and  in  connection  with  its  coal-beds,  we  are  not  surprised 
that  it  is  not  peroside,  sesqiiioxide,  or  magnetic  oxide, 
but  consider  it  the  natural  consequence  of  its  contact  with  the  carbon  which  then  existed 
in  profusion  tliroughout  the  coal  measures  and  the  waters  in  whicb  they  were  deposited. 
We  shall  not  attempt  to  trace  or  describe  the  uncertain  ore-beds  in  the  upper  eoal- 
series.  The  extent  of  the  coal  measures  lying  above  the  Mahoning  sandstone  is  limited, 
and  the  ore-beds  which  they  contain  are  of  small  dimensions  and  uncertain  character. 
We  know  but  little  more  than  that  aevoi-al  such  beds  exist  in  tiie  upper  measures. 

With  this  brief  notice  of  the  ores  of  tiie  great  Appalachian  formations  we  raust  close 
this  chapter;  but  we  cannot  dismiss  the  subject  without  a  few  words  in  relation  to  the 
magnitude  of  our  iron  deposits,  their  great  variety,  boundless  extent,  and  avail ubility. 

Magnificent  as  oor  coal-flelds  are,  they  do  not  surpass  our  resources  in  iron;  for  both 
are  on  a  scale  of  magnitude  corresponding  with  the  vastness  of  the  country  in  which 
they  exist  and  the  population  which  it  is  destined  to  support. 

A  bountiful  Providence  has  stored  our  mountains  with  unlimited  supplies  of  the  most 
valuable  of  minerale.  The  valleys  and  plains  t«em  with  productiveness,  the  land  is 
rich  in  corn  and  wine,  and  the  bowels  of  the  eartli  fat  with  oil.  We  may  invite  the 
poor  and  oppressed  of  the  world  to  come  and  partake;  but  we  must  protect  ourselves 
against  the  monopolists  and  oppressors  of  the  Old  World,  if  v 
abundance  of  the  New. 


)uld  profit  by  the 


ab,Google 


i   OP  THE  COAL 


iiiiii,,HliiiiiiiiiiiSiii 


isis  IKlisill  I    11 


s;  Is  s  ssssi!  s 


S:  ,  5   s  s  5  a  S  5«55s5 


S  3s  ; 


,  E  ills  S;S: 


lijiiisliliiiiiliiisliilliis 


si  E=?S  i  351"  §  iS  iSSsSSSSk 


l6iSS6EssSSK5slSSSi*gs06Sii 


ab,Google 


GENERAL   DISTRIBUTION   OP  lEON   OSES, 


I 


It 


Liiiiii 


ai5358pSiliiS§a!2|iS|iS5|i 


51  i :  m  m  la  m^^sm : !  ii : 


ma  s!  1       13 


^.-pSU, 


55s  5    !  SS  :|  ^15    5    I 


55!S       3  S  =1  3  s53    It 


'4imt  3  5| 


lliai  Psi  ilPii  i  11 

Ii  inpiiiiii 
I  II  ilHtiii 


,  Google 


OUE  EESOURCES. 


CHAPTER   XXVIII. 

THE  PRACTICAL  DEVELOPMENT  OP  OUR  EESOTJRCES. 

UBiterJ  Slates— ProlMtion  i-s.  Free-Trade— rirel  TsrllT— Tho  KovolntiOD— Biret  CrisiB—TarlBg  of  : 
CompromiBB  Act— Second  CrlBis— Tariff  at  1842^Ad  Yalorem  Tariff  of  1S46-7— Third  Criala— Tho  eiaiehoUcr's 
RobeUlon— latift  of  1861—"  The  ProtMtion  of  Wat"— The  Wealth  of  NationB— Political  Bconom  j— Ite  Ubjocta— 
Cheap  Labor— Tho  Farmer  and  Plantei^Tha  Miner,  Maoiifiicturor,  and  Mechanic— Practical  Illuatrationa— 
Cheap  latoc  os.  Tree  Labor— Imporlaf ion  of  Pood— High  Ptloea— Orf  Bmrn  /-Middle  Man— IIow  to  pay  our 
Debts— Our  roteign  Debt— Domestic  Debt— National  Loan— Gold  vs.  National  Currenoy—PinaneeB— Commerce. 

OuB  resources  in  coal  and  iron  are  unlimited.  Both  in  quantity  and  quality  they  are 
Buporior  to  all  competition.  The  rest  of  the  world  combined  will  not  compare  with  oar 
single  country  in  the  one  nor  the  other.  We  possess  thirty-four  times  the  quantity  of 
coal  and  iron  possessed  hj  England,  and  perhaps  douhle  as  much  as  that  possessed  by 
all  other  portions  of  the  earth.  These  resources  are  availably  located;  they  are  in 
proximity  with  the  widest  plains  and  richest  soils  known  to  man.  They  are  developed 
by  ocean-like  lakes,  or  magnificent  rivers,  and  are,  or  will  be,  traversed  by  railroads 
from  ocean  to  ocean.  Their  value  is  incalculable,  their  extent  boundless,  their  quantity 
immeasurable,  and  their  richness  unequalled.  The  wealth  they  represent  cannot  be 
told  in  figures.  The  dynamio  power  they  intrinsically  possess  is  beyond  computation. 
They  offer  ug  the  control  of  the  world,— its  wealth,  power,  and  destinies.  We  may  profit 
by  lie  power  thus  offered  us,  and  benefit  mankind,  or  we  may  ruin  ourselves,  and  entail 
greater  misery  on  the  poor  and  oppressed.  We  may  multiply  and  scatter  these  bountiful 
provisions  of  Providence;  we  may  ignorantly  reject  them,  or  basely,  wantonly,  squander 
them.  On  our  intelligence,  prudence,  and  industry  will  depend  our  welfare  and  the 
profit  we  may  derive  from  tho  magnificent  resources  at  our  command. 

"  Knowledge  is  power,"— notwithstanding  the  doubtful  shaking  of  heads  among 
mere  "book-worms,"  or  the  students  of  the  "dead  languages," — that  knowledge  which 
"teaches  us  to  pierce  the  bowels  of  the  earth  and  bring  forth  from  the  caves  of  the 
mountains  metals  which  give  strength  to  our  hands,  and  subject  all  nature  to  our  use 

That  knowledge  is  power  which  enables  us  to  multiply  n  p  odu  f  ness,  to  sub- 
stitute the  iron  limb  and  rib  and  wheel  for  human  thew  — t  n  a  ur  strength  a 
hundredfold,  and  exchange  our  thoughts,  our  labor,  and  ou  prod  n  so  as  to  profit 
most  by  the  diversity  of  our  wealth,  and  diffuse  that  wealth  th       gh  the      mmunity. 

We  did  not  and  do  not  intend  to  inflict  our  readers  w  th  a  1  ctu  e  n  Political 
Economy;  but,  having  displayed  and  illustrated  the  magnitud  f  u  m  n  al  resources, 
it  is  now  proper  and  appropriate  to  illustrate  their  practical  de  element,  and  the  ways 
and  means  of  making  them  available  to  our  domestic  industry  and  our  political  economy. 

We  will  try  (o  be  concise  and  praotieal.  We  will  not  treat  the  subject  BeienMfieally, 
because  older  and  wiser  heads  than  ours  have  been  confused  over  the  subject,  Adam 
Smith  and  the  English  have  been  trying  to  teach  us  for  the  last  hundred  years,  by 
science,  metaphysics,  and  coercion,  that  it  is  profitable  for  us  to  sell  them  "  rabbit-skins 
at  sixpence,  and  buy  back  their  tails  at  a  shilling." 

The  polioy  of  England  has  been  wise,  but  selfish;  profitable,  but  oppressive.  She 
has  grown  rich  by  keeping  the  world  poor.     We  do  not  advocate  her  policy;  but,  by 
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Bhowijig  how  she  acqaued  wealth,  power,  and  inflaence,  though  circumscribed,  limited, 
and  insignificant  in  resources  when  compared  with  ours,  wo  may  best  illuatrate  the 
practical  development  of  our  fields  of  coal  and  mountains  of  ore. 

THE  POLICY  OF  ENGLASD,  AND  HER  DEVELOPMENT. 

The  practice  of  England  is  at  variance  with  h6r  precepts.  Her  history  does  not  agree 
with  her  "politii,aI  economy  as  taught  by  her  sophists  Her  practical  eccnomiste 
have  not  followei  their  teithings 

A  short  time  igo  —measuring  bmo  hy  the  life  of  nations  — the  English  wore  serfs, 
"yillcins,"  or  paintei  sivagea  and  their  rulers  petty  feudal  chiefs  They  then  fought 
with  each  other  or  disf  uttd  the  poasesB  on  of  their  1  ttle  island  with  the  Scots,  Irisii, 
Plots,  and  Welsh  But  Christianity  Irought  them  ciTihzatiun  and  foreigners  taught 
them  the  arts  and  sciences  They  improTtd  their  time  and  pr  fitel  by  their  lessons. 
The  minors  of  C  rnwall  dug  tin  anl  coj j  er  from  thoir  barren  hillfi  and  sold  it  to  the 
Phajnieians,  who  taut,ht  them  the  art  of  miking   r  n 

In  120,  a  militiry  forge  Wda  erected  at  Batti,  neir  the  well  wooded  hills  of  Monmoutti- 
aliire;  and  the  bed  of  iron  cinders  in  the  forest  of  Dean,  where  Roman  coins  were  found 
imbedded,  testify  the  early  production  of  iron.  But  during  the  succeeding  generation 
our  Britiah  ancestors  were  neither  wiae  nor  prosperous.  They  spent  their  time  in 
brutal  civil  broils  or  fruitless  foreign  wars.  Their  sovereigns  granted  monopolies  to 
favorites.  The  poor  were  tasked  to  pamper  the  noble.  Manufactures  were  discouraged, 
tasea  were  heavy,  but  the  revenues  were  small.  England  bad  neither  strength,  wealth, 
nor  power. 

Necessity,  however,  compelled  the  production  of  iron,  and  as  early  as  1620  the  de- 
struction of  the  forests  began  to  alarm  the  manufacturer,  and  the  propriety  of  making 
the  etude  iron  in  the  North  American  colonies,  where  timboi'  was  plentiful,  was  pro- 
posed.    Iron  was  first  made  in  Virginia  as  early  as  1619. 

The  production  of  crude  iron  was  encouraged  by  the  mother-country,  but  her  children 
were  not  allowed  to  manufacture  it.  A  heavy  penalty  was  laid  on  those  who  erected 
"slitting  mills,"  steel  mills,  foundries,  &.C  ,  md  laws  were  passed  at  a  later  period  pro- 
hibiting the  exportation  of  machinery  or  cspert  mechanics  from  England.  Thus, 
England  at  that  early  day  encouragpd  the  importation  of  raw  material,  as  she  has  done 
ever  since,  when  she  could  not  pr<^uce  the  article  herself.  But  as  soon  as  the  manu- 
facturers of  England  discovered  that  wrought  iron  as  well  as  cast  iron  could  be  pi'o- 
duoed  with  pit-coal,  and  the  fear  of  eshausted  forests  no  more  troubled  them,  tha 
importation  of  pig-iron  was  prohibited  bv  hta^y  tariffs.  Only  the  superior  Swedish 
and  Russian  bar  was  imported  to  anj  amount,  bi^causo  this  class  of  iron  could  not  then 
be  made  in  England. 

England,  however,  had  no  competitor  No  other  European  country  did  or  could  pro- 
duce common  iron  cheaper  than  herself,  and  she  gave  tho  colonies  no  opportunity  to 
do  so. 

The  amount  of  pig-iron  exported  to  England  by  the  Colonies  from  172S  to  1768  was 
about  75,000  tons,  of  which  26,000  were  exported  from  1761  to  176S.  Virginia  could 
compete  with  England  in  the  manufacture  of  iron,  if  she  hud  not  been  cu^<-ed  hy  the 
mother-country,  who  dictated  what  she  should  do,  and  what  she  should  not  do.  Vir- 
ginia, in  consequence,  with  all  her  mineral  resources,  degenerated  into  a  mere  agri- 
cnlturisb,  and  a  breeder  of  slaves. 

But  up  to  the  time  of  Elizabeth,  or,  we  may  say,  of  Cromwell,  England  pursued  no 
fised  policy  in  regard  to  her  manufactures.  The  emancipation  of  her  bone  and  sinew 
by  the  Reformation,  and  the  assertion  of  the  rights  of  the  people  under  the  Protector, 
developed  tlio  protective  policy  of  England,  and  secured  ti  her  population  not  only 
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equal  rights,  but  a  prudent  family  government,  which  ot.ij  souglit  for  general  good  in 
England's  aggrandizement. 

SinBB  thea  the  rulers  of  Great  Britain  have  not  consulted  the  berieftt  or  universal  good 
of  the  world  as  the  results  from  their  policy,  but  how  to  make  England  rich,  prosperous, 
and  powerful;  and  they  have  succeeded  not  only  in  this,  but  in  conferring  on  the  world 
et  large  tenfold  the  advantages  which  could  have  resulted  had  England  continued 
barbarous  or  neglected  her  own  Tital  interests. 

The  result  of  her  policy  has  been  to  acquire  wealth  from  every  source,  to  become  the 
manufacturer  for  ilie  world,  and  to  compel  less  powerful  nations  to  become  her  cus- 
tomers.   But  she  conferred  benefits  while  exacting  their  tribute. 

From  the  year  1075  to  1575,  the  population  of  Great  Britain  but  little  more  than 
doubled  itself  in  five  hundred  years;  and  from  1575  to  1750  the  increase  was  less  than 
one-third.  But  during  the  first  half  of  the  present  century  the  population  of  the  f  nited 
Kingdom  more  than  doubled  itself,  besides  sending  a  constant  stream  of  emigration  to 
the  United  States,  Canada,  Australia,  Africa,  and  other  parts  of  tiie  globe. 

In  1816,  at  the  close  of  the  French  War,  the  debt  of  Great  Britain  was  $4,205,000,000, 
a.Q<i  her  estimated  wealth  $10,500,000,000.  Since  then,  the  increase  of  her  wealth  has 
been  rapid,  and  may  now  be  stated  at  nearly  $100,000,000,000. 

She  has  not  only  so  vastly  increased  her  wealth,  but  her  ability  to  produce  has  boon 
proportionally  increased.  In  1688  her  population  was  less  than  6,000,000,  and  the 
industrial  or  productive  power  of  these  were  limited  to  the  able-bodied  men  and  women, 
boys  and  girls,  who  exerted  only  their  brute  strength,  wiUi  but  little  assistance  from 
intelligence,  mechanical  skill,  or  science.  But  in  1865  we  find  a  population  of  over 
30,000,000,  whose  average  wealth  is  over  $3000  per  head,  and  whose  productive  ability 
is  increased  20  times  by  the  aid  of  labor-saving  machinery;  that  is,  the  30,000,000 
iuhabitants  of  Great  Britain,  aided  by  steam-power  aad  mechanical  skill,  is  equal  to  a 
physical  force  of  600,000,000  able-bodied  men,  or  more  productive  power  than  is  pos- 
sessed by  the  entire  manual  labor  of  the  world. 

We  need  not  say  that  China  with  her  340,000,000  can  neither  compete  with  the 
30,000,000  of  England  in  industrial  resources  or  material  power. 

We  cannot  attribute  this  wonderful  increase  to  her  agricultural  produ  t'  h 

extent,  but  must  seek  its  cause  in  the  prudent  management  of  her  domest  ndu  try 
and  political  economy,  Ler  mechanical  skill  and  constant  protection  to  the  p  od  t  n 
of  her  labor. 

That  little  island,  not  larger  than  one  of  our  great  States,  represente  mo     a     1  11 
wealth  than  that  of  the  world  combined.    She  has  conquered  from  savage  a  d  1    b 
nations  two  great  continents,  and  planted  her  children  and  established  h     1     g 
over  an  area  of  12,000,000  square  miles  of  the  earth's  surface,  and  reclaimed  t  1 

tion  the  best  portions  of  the  inhabitable  globe. 

That  she  has  sought  self-aggrandiaement  in  ail  this  we  cannot  deny;  hut  th  It 

has  been  a  benefit  to  mankind.  They  who  cannot  help  themselves  cannot  conf  t  fit 
on  others,  "Talents"  that  are  hidden  are  not  productive.  To  they  who  h  m  t 
more  shall  be  given,  simply  beoausa  they  earn  it  and  deserve  it:     Wilful  ign  d 

foliy  are  greater  sins  than  "  sharp  bargaining'  or  the  accumulation  of  wealth  by  far- 
seeing  sagacity,  even  to  the  1         fh  tthjnf 

We  can  only  blame  oursel         th      f  h      E  gl     d  h        t     th     p  t   t  m 

prc^ted  more  by  our  superiu  hn       rsl  hthh      pktdth 

iminial   products  of  our   gold  m  IV      {   y  h  p  11  kill        d 

sagacity  nearly  $100,000,000  p  m     It    f  wh    h  m    1 1  b  d  by  ] 

practice  the  policy  of  England  —      btlw  mk  It  g 

no  foreign  trade  which  does         pypfltbt  mlt  ry  ft  i 

every  commercial  transaction     Iihwll       lL.p)it      Ipl       g         ll      p      J 
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During  the  early  ages  the  arts  and  manufaoturee  flonrished  in  Aaia  and  Africa.  The 
Middle  Agea  transferred  these  industries  to  Europe;  hut  England  waa  neither  first  in 
wealth  or  power  when  Florence  and  Amsterdam  were  in  their  zenith  of  prosperity. 
She  neyer  would  have  acquired  her  present  position  had  not  her  intelligeaoe  led  to  the 
praotieal  development  of  her  immense  resouroea  in  coal  and  iron.  Waa  she  not  the 
firat  to  make  use  of  the  steam-engine,  and  create  from  coal,  iron,  and  steam  a  lahoring 
force  equal  to  the  physical  strength  of  all  the  ahle-hodied  men  of  the  worldl  But  even 
these  advantages  were  not  Bufficient  to  the  wonderful  results  which  transformed  the 
little  island  from  heath  and  moor  to  a  garden— -from  poverty  to  opulence — in  the  short 
period  of  a  hundred  years.  Money,  the  machinery  which  puts  all  else  in  motion,  waa 
wanted,  and  this  was  provided  by  war,  which  has  always  heen  considered  as  calamitous 
and  eihaustive;  hut,  though  long,  bloody,  and  costly,  it  brought  wealth  to  England. 
Paper  money,  which  sophistical  eoonomiats  condemn,  was  the  meana  of  malting  gold 
plentiful  in  England.  Her  consols,  representing  her  debt,  gave  her  people  the  means 
of  converting  her  stones  of  coal  and  rocks  of  iron  into  labor-saving  machinery,  and 
flreating  a  productive  industry  which  haa  rivalled  the  world. 

RESOURCES  AND   POLICY  OF   THE   UNION. 

A  few  words  will  explain  the  colonial  history  of  the  Provinces  under  British  rule. 
They  were  "drawers  of  water  and  hewers  of  wood"  to  England.  They  supplied  her 
with  such  raw  material  as  aho  could  not  produce  at  home,  and  opened  markets  for  her 
manufactured  goods  at  great  profits.  The  surplus  population  of  England  is  encouraged 
to  migrate;  to  conquer  new  flelda  for  her  industry;  and  those  peaceful  conquests  have 
been  England's  greatest  victories.  Her  colonists  in  America  were  encouraged  to  spread 
over  the  continent,  to  invade  the  forests,  and  cultivate  the  fields,  but  they  were  not 
allowed  to  make  their  own  axes  or  their  own  ploughs;  they  were  told  to  grow  silk,  and 
wool,  and  cotton,  and  were  offered  premiums  for  raw  material,  but  they  were  not 
allowed  to  make  their  own  cloths  or  transport  their  own  productions. 

The  quantity  of  iron  made  in  this  country  was  almost  equal  to  that  of  England  in 
1740,  vAen  only  17,350  tons  were  produced ;  and  our  exportation  of  pig-iron  to  England 
during  that  year  was  2275  tons. 

Had  our  manufacturing  interests  been  fostered  and  encouraged  from  that  date  as  tho 
manufacturing  industry  of  England  waa,  we  should  long  ago  have  been  able  to  cope 
with  England  and  open  our  ports  to  free  trade  without  injury  to  our  own  productive 

During  the  Revolutionary  War  we  prospered  and  increased  in  wealth  notwitliatanding 
the  long  struggle;  but  when  England  lost  the  control  of  her  disobedient  offspring,  she 
prohibited  the  exportation  or  migration  of  machinery  or  mechanical  experts,  and  sought 
thus  to  retard  the  spread  of  the  manufacturing  interesta,  and  to  increase  her  own 
ability  to  supply  the  wants  of  the  world  at  cheaper  rates  than  It  was  possible  for 
unskilled  and  unassisted  labor  to  produce  it.  At  this  time  the  steam-en^aes  of  Watla 
and  Bolton  were  fast  coming  into  use,  giving  England  the  means  of  multiplying  her 
productive  power  to  an  almost  unlimited  extent,  and,  as  we  have  seen,  have  since 
increased  her  physical  force  from  a  mere  fraction  to  600,000,000  of  units  of  labor.  Her 
ability,  therefore,  to  control  the  trade  of  the  world  is  constantly  increasing,  and  no 
other  country  save  our  own  can  ever  become  her  serious  rival  in  the  manufacture  of 
iron  in  its  various  shapes.  Of  the  10,000  aquare  miles  of  productive  coal-area  in 
Europe,  the  United  Kingdom  contiuna  over  half,  though  its  entire  area  is  only  131,000 
square  miles  against  the  3,757,209  aquare  miles  of  Europe,  But,  aa  compared  with  the 
producUve  coal-area  of  the  United  States,  England's  resourcea  in  this  most  important 
of  all  minerals  to  a  manufacturing  people  are  less  in  comparison  than  those  of  Europe 
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ft.'?  compared  with  hera.  Her  121,000  Etniaro  miles  of  territory  contain  about  6000 
square  miles  of  coal-area.  Our  3,000,000  contfliu  over  200,000  square  miles  of  coal. 
England  has  one  square  mile  of  coal  for  twenty  of  territory.  We  have  one  square  mile 
of  coal  for  every  fifteen  of  territory;  and,  as  we  have  bIiowu,  our  resources  in  Iron  are 
equal  to  our  reaouroea  in  coal.  England's  contracted  area  neither  supplies  her  laborers 
with  food  nor  offers  her  products  a  market.  She  must,  therefore,  transport  her  supplies 
from  beyond  the  seas,  and  ship  the  products  of  her  mills  and  shops  to  foreign  markets. 
We  have  an  unlimited  area:  our  plains  and  fi-olds  are  on  the  same  seale  of  magnificence 
with  our  resources  in  coal  and  iron.  The  products  of  our  soil  will  abundantly  clothe 
and  support  us;  while  the  extent  of  our  country  and  the  diversity  of  our  productions 
and  wants  offer  our  manufactures  a  home  market  far  greater  than  the  foreign  markets 
ever  enjoyed  by  England.  If  we  had  not  a  pound  of  domestic  or  surplus  products  to 
export  beyond  the  amount  of  our  imports,  we  should  grow  rich  rapidly  under  the  pro- 
tective policy  pursued  so  successfully  by  England,  by  the  increase  of  our  domestic 
wealth  and  the  vast  accumulation  of  the  precious  metals  from  our  Western  mines. 

The  development  of  our  resources  has  been  materially  controlled  and  checked  by  the 
overwhelming  productive  power  of  England  and  her  ability  to  produce  cheap  goods ; 
by  her  policy  of  drawing  the  raw  material  from  all  parts  of  the  world  and  returning 
the  manufactured  article,  and  by  working  up  her  own  raw  material  into  the  most  valu- 
able forms.  Her  atat«smoQ  and  her  manufacturers  have  worked  in  harmony,  because 
her  manufacturing  interests  overshadowed  all  others.  Her  political  economists  have 
taught  precepts  which  hor  lawgivers  did  not  practise.  They  advoaa,teJree  trade  now, 
in  certain  articles  when  no  other  nation  can  compete  with  England  in  these  productions. 
England  by  the  use  of  labor-saving  machinery  inireases  the  production  of  her  work- 
people one  hundredfold,  and  until  other  nations  can  approsimato  this  result,  free  trade 
will  result  to  her  advantage.  Cheap  labor  has  comparatively  little  to  do  with  this 
result.  True,  had  the  Chinese  the  same  intelligence,  skill,  capital,  and  machinery,  with 
the  same  resources,  their  dense  population,  laboring  at  sixpence  per  day,  couldeven  under- 
sell England.  But  England,  with  all  these  advantages  at  command,  and  her  able-bodied 
men  working  at  fifty  cents  per  day,  can  always  undersell  our  manufacturers  as  long  as 
they  pay  from  one  to  two  dollars  per  day  for  labor.  Our  people  can  never  enjoy  pros- 
perity or  a  proper  remuneration  for  their  labor  as  long  as  the  mere  physical  force  is  at 
open  competition  with  the  labor-saving  machinery  of  Europe.  But  the  United  States,  as 
before  mentioned,  can  not  only  compote  with  England  under  the  same  development; 
but  we  are  the  only  other  country  which  can  compete  with  her  in  the  manufactory  of 
the  chief  staples  of  the  world.  Notwithstanding  our  superiority  in  resources,  however, 
we  can  never  compete  with  her  83,000,000  horse-power  of  labor-saving  machinery 
until  we  increase  the  physical  force  of  each  laboring  unit  in  the  same  proportion,  say 
one  hundredfold.  When  this  is  done,  and  each  million  of  our  ingenious  mechanics 
and  experts  shall  have  been  increased  one  hundred  million,  then  we  shaU.  be  prepared 
to  advocate yree  trade.  But  England  will  never  permit  this  grand  consummation,  (his 
magnificent  development,  as  long  as  we  allow  her  to  cripple  every  attempt  by  exposing 
our  manufacturers  to  competition  and  ruin  every  decade  as  a  chronic  political  die- 
But,  under  the  degree  of  development  attainable  in  this  country  through  adequate 
protection  for  a  short  time,  our  skilful  mechanics  and  ingenious  inventors,  whose  pro- 
ductions are  unrivalled,  would  soon  add  to  our  industrial  resources  that  power  in  which 
we  are  now  deficient  to  compete  with  England  in  our  own  markets;  and  every  horse- 
power of  steam  machinery  built  and  put  in  use  at  home  adds  to  that  ability  by  giving 
us  a  force  equal  to  the  labor  of  seven  men,  which  can  bo  exerted  here  as  cheap  as  it 
can  be  in  England,  or  put  in  competition  with  the  meanest  slave, — the  most  Ul-paid 
labor  of  the  world  on  the  score  of  economy. 
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Haring  noticed  why  England  is  able  to  undersell  ua  in  our  own  markets,  and  that 
sbo  cau  cripple  the  manufax?turer  of  any  nation  not  aided  by  labor-saring  machinery, 
without  regard  to  the  ohcapneRS  of  labor,  we  way  now  show  how  our  policy  baa  been 
framed  to  aiJvance  her  interestf,  more  than  our  own,  and  to  enrich  foreign  manufacturers 
while  we  have  crippled  or  ruined  those  at  home ;  that  our  superior  resources  and 
monopoly  of  productions  in  certain  staples  have  enriched  England  without  adding  mate- 
rially to  our  own  wealth. 

A  brief  history  of  our  tariffs  and  their  consequences  will  give  the  facts,  and  prove 
the  neoeasity  of  protection  for  the  development  of  our  resources. 

The  Revolution  ended  British  rule  ^nd  legislation  over  the  Colonies  and  their  trside. 
That  was  the  cause ;  Wiis  was  the  effoi,t  The  markets  for  our  pig  iron  cut  off.  and  the 
importation  of  British  5ron  and  manufactures  suspended,  our  capital  and  skill  were 
turned  to  supply  our  own  necessities ;  and  many  small  iron-works  and  factories  were 
then  called  into  existence  to  be  crushed  with  the  return  of  peace. 

England  clearly  foresaw  a  dangerous  rival  in  the  American  States.  Their  skill  and 
superior  iron  enabled  them  to  produce  a  better  article  from  this  material  than  could  be 
produced  in  England.  But  the  great  improvements  made  in  the  process  of  manu- 
facturing iron,  and  the  use  of  coal  and  coke  in  its  production,  enabled  the  English  manu- 
facturer to  produce  a  cheap  if  not  a  good  article ;  and  in  order  to  control  as  much  foreign 
trade  as  possible,  the  Act  of  1785  (25  Geo.  III.  c.  67)  was  passed,  to  prevent,  under  severe 
penalties,  the  emigration  of  mechanics  or  skilful  workers  in  iron  or  steel,  or  the  es- 
portation  of  any  tool,  engine,  or  machine,  beyond  the  seas. 

"With  the  return  of  peace  following  the  Revolution  came  an  almost  total  drain  of 
specie  for  foreign  goods,  and  a  languishing  state  of  our  own  manufactures,— poverty, 
ruin,  and  low  prices  for  labor  and  the  productions  of  labor ;  proving  that  Free  Tkadb 
brought  even  more  ills  than  War, 

FIRST    TARIFF, 

This  state  of  things  called  the  Convention  and  forced  it  to  give  power  to  Congress  to 
protect  our  national  industry.  This  produced  the  Srst  American  tariff,  in  1789,  which 
gave  especial  protJiction  to  our  iron  manufactures.  When  tiei/  suffer,  every  branch  of 
industry  suffers  more  or  less.  In  1791  our  iron  manufactures  were  in  a  prosperous  con- 
dition and  were  profitably  operated.  The  affairs  of  the  country  were  in  a  flourishing 
condition.  The  tariff  on  rolled  iron  and  steel  and  all  the  manufactures  of  iron  except 
hardware  was  in  1794  fixed  at  15  per  cent,  when  imported  in  American  vessels,  with  an 
addition  of  10  per  cent,  when  in  foreign  bottoms.  These  rates  were  retained  until  1816. 
The  War  of  1812,  gave  a  great  impulse  to  our  manufactures ;  but  they  were  again  de- 
pressed and  rendered  almost  inactive  at  its  close  from  the  inadequate  protection  then 
afibrded  to  the  high  prices  of  the  war  and  the  constant  improvement  going  forward  in 
the  English  manufactures  and  the  consequent  reduction  in  prices. 

So  great  was  the  importation  of  foreign  goods  which  foDowed  the  peace  that  during 
the  first  three-quarters  of  1815  the  value  of  our  imports  amounted  to  883,000,000,  and 
during  the  fiscal  year  nest  ensuing  $155,250,000  were  imported,  which  were  paid  for 
principally  in  specie  and  nofes  at  interest! 

The  English  manufacturers  at  this  stage  of  our  history  made  great  sacrifices  in  order 
to  control  our  trade  and  break  down  our  manufactures.  Lord  Brougham  said  in  Parlia- 
ment that  "  it  was  even  worth  while  to  incur  a  loss  upon  the  first  exportation,  in  order, 
by  the  glut,  to  stifle  in  the  cradle  these  rising  manufactures  in  the  United  States  which 
tho  war  had  forced  into  existence  contrary  to  the  natural  course  of  things."    These  es- 
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3  importations  were  fraught  with  tho  most  disastrous  conscqueTioes.     To  our  loanu- 

es  they  brought  ruin.  Goods  of  all  kinds,  as  well  as  lahor,  tooli  a  sudden  and  ruinous 

fall,  and  our  esperts  and  laborers  were  driven,  in  consequence,  to  other  and  new  fields 
of  labor.  Most  of  them  turned  tfl  the  Boil  for  support ;  but  the  farmers,  lite  the  mann- 
faoturera,  suffered.  The  home-market  cut  off,  reduced  the  price  of  their  products  to  a 
comparadvely  greater  extent  than  the  reduction  in  the  price  of  manufactured  articles. 

The  national  finances  were  in  a  deplorable  condition,  while  our  domestic  industry 
was  almost  ornshed  out.  The  public  debt  was  $123,016,375,  and  the  annual  reyenues 
demanded  by  the  GoTernment  was  $24,000,000,  and  entirely  beyond  our  means. 

Necessity  compelled  an  advance  in  the  duties,  and  the  amended  Act  of  1816  resulted ; 
but  the  duties  were  bo  unequally  laid  that  they  produced  more  than  double  the  require- 
ments of  the  Government,  without  giring  much  protection  to  our  manufactures,  since 
the  excess  of  imports  continued.  In  1818  the  imports  continued  large,  and  amounted 
during  that  year  to  ^121,750,000,  against  S73,854,437  of  exports,  which  is  greater  than 
the  exports  of  any  other  year  previous  to  1833.  The  drain  of  specie  was  consequently 
very  groat.  The  ports  of  Boston  and  Salem  alone  exported  $5,000,000  within  the  twelve 
months. 

FIKST  CRISIS. 
In  1819  the  crisis  came,  as  the  inevitable  consequence  of  a  constant  drain  of  specie 
to  pay  for  the  excess  of  importation.  The  Bank  of  the  United  States  had  been  com- 
pelled to  import  specie  in  the  first  sixteen  months  of  its  operations,  to  the  amount  of 
$7,250,000,  ataoost  of  over  $500,000;  while  merchants  paid  a  high  premium  for  gold  and 
Biker  to  pay  for  the  excess  of  their  importations.  Our  manufacturers  ruined,  our  work- 
shops closed,  our  money  exhausted,  then  came  the  natural  decline  of  labor  and  the 
Talue  of  our  exports,  since  Europe  cannot  sell  cheap  goods  and  pay  high  prices  for  food 
and  raw  material;  and  the  result  was  not  only  disastrous  to  the  manufacturers,  but  to 
the  meroha  tadh  ItutAg        al  paralysis  now  fell  upon  all  branches  of 

industry;  a  df     th    d  wh    h  f  11  w   1  no  alleviation  was  found  until  the  return 

to  semi-prote  t       dut  IS  4      Th    b     k      uffered  from  a  lack  of  specie,  and  bank- 

ruptcies ov  wh  1  d  I  th  th  m  h  nt  a  d  shipping  interests.  Merchandise  could 
not  be  sold  a  d    h  p    f      d      th        t  y      Farms  were  mortgaged,  or  sold  at  half 

their  value    wkhpadfto  ylre  closed;  manufacturers  were  forced  to 

abandon  th       p  d        k  th  pi   while  their  experts  were  scattered,  and 

forced  to  ent  mp  t  t       w   h    h     f    m  r,  and  swell  the  products  of  the  soil,  for 

which  ther    was       In        a  m    k  t 

During  IS  2    u        n  m       f  w  lent.     The  highest  price  of  common  bar- 

iron  from  1820  to  1824  was  forty-six  dollars,  and  the  average  price  about  forty-two  per 
ton.  The  importation  of  iron  during  this  year  from  Great  Britain  was  15,000  ton'^. — 
a  small  amount  from  a  present  point  of  view,  but  an  excessively  large  one  then,  almo'it 
before  railroads  came  into  existence.  The  imports  were  excessive  in  all  mannfai-tnred 
articles;  and  while  the  duties  were  in  excess  of  the  requirements  of  the  Government 
they  were  not  Buf&cieat  to  protect  our  domestic  industry,  from  which  not  only  had  the 
life  been  crushed,  but  even  the  spirit  of  enterprise  had  departed  from  our  people. 

The  griun-producing  capacities  of  the  country  had  been  increased  five  to  sis  fold 
since  1790;  but  the  exports  of  provisions  were  not  greater  than  they  were  during  the 
five  years  of  protection  from  1790  to  1795 !  While  foreign  nations  supplied  us  with 
cheap  iron,  &c„  they  did  not  want  even  our  cheap  flour,  beef,  and  pork. 

The  great  argument  of  free  trade  is,  that  duties  enhance  the  prices  to  consumers, 
and  "buy  where  you  can  buy  cheapest"  is  its  creed.  The  question  of  markets,  or  how 
we  may  sell,  is  entirely  ignored.  The  fact  that  the  ability  to  buy  depends  on  our 
success  in  selling  is  lost  sight  of,  though  thousands  of  examples  have  taught  us  that 
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bankruptcj  invariably  results  from  orer-trading.  We  shall  see,  however,  in  the  sequel, 
that  we  not  only  sell  our  staples  cheap,  but  buy  our  goods  dear,  under  the  charm  ai  free 
trade;  not  otily  lieeauae  goods  are  dear  at  a  shilling  a  yard  when  com  commands  but 
ten  cents  a  bushel,  but  because  the  price  of  foreign  manufactured  goods  always  advamcM 
as  our  own  ability  to  produce  them  decreases.  Let  cotton  cloth  bo  an  instance.  That 
branch  of  our  industry  was  inadvertently  protected;  its  manufacture  was  encouraged; 
profits  resulted;  improvamentB  introduced;  capital  increased;  and  in  1823,  when  the 
prices  of  all  foreign  manufactures  were  low,  cotton  cloth  was  made  in  this  country  with 
profit,  while  almost  every  other  branch  of  industry  languished.  Protection  enabled  the 
poor  man  and  the  farmer  to  obtain  his  coarse  cotton  at  half  their  former  prices,  while 
it  supplied  our  people  with  employment,  and  gave  a  profitable  home  market  in  the  com- 
munity in  which  the  manufactures  existed.  If  such  was  the  result  in  cotton,  why  not 
in  every  other  staple  article, — particularly  iron,  by  which  and  through  which  every 
other  branch  of  industry  thrives? 

TARIFFS  OF  1824-28. 

In  1824,  protection  to  our  domestic  industry  was  again  forced  on  the  country  by 
necessity.  The  manufactures  of  the  country  were  di-<  niegrat  ng  un  lor  thf  ].roeeBs  of 
foreign  rivalry,  our  people  were  reduced  to  thi,  standard  of  foreign  labor  with  whiuh 
they  were  forced  to  compete;  and  not  only  were  they  ccmpellwl  hj  free  trade  tfl  the 
status  of  the  starving  and  crowded  millions  of  Eur  pe  from  which  they  had  endeavored 
to  escape  by  emigration,  but  they  were  forced  to  pit  their  bone  and  muscle  a^aindt  the 
steam-engines  and  labor-saving  machinery  of  England 

During  the  semi-free-trade  period,  from  1816  to  I&24,  the  public  finances  had  been  bo 
much  reduced  as  to  compel  a  resort  to  loans  in  a  time  of  peace  to  save  the  credit  of  the 
■country;  while  our  agriculture  and  commerce  suffered  from  the  same  causes  which  dried 
up  the  sources  of  both  public  and  private  revenue. 

The  total  value  of  dutiable  imports  during  the  four  years  ending  with  1824  were 
$264,962,457,  and  the  duties  thereon,  $90,430,612,  being  an  average  of  thirty-five  per 
cent.  The  new  tariff  enacted  in  1824  raised  the  average  rate  of  duty  to  forty  and  a 
half  per  cent-.,  which  yielded  during  the  nest  four  years  $121,637,942  on  an  importation 
of  $301,558,885.  But  this  increase  in  duty,  though  we  should  now  consider  it  high, 
and  which  was,  in  fact,  adequate  to  the  protection  of  established  branches  of  domestic 
manufactures,  was  not  sufficient  to  resuscitate  tie  dead  spirit  of  our  ruined  industry. 
Let  us  notice  woollen  goods,  for  example,  the  duties  on  which  had  been  increased  from 
twenty-five  to  thirty-three  and  one-third  per  cent. ;  and  on  the  strength  of  this  increase, 
woollen  manufacturers  started  their  mills,  and  new  mills  were  erected;  but  as  soon  as 
this  duty  on  imported  woollen  goods  went  into  operation.  Great  Britain  reduced  the  duty 
upon  foreign  wool  from  sixpence  to  a  halfpenny  per  pound,  for  the  acknowledged  purpose 
of  enabling  her  woollen  manufacturers  to  retain  and  control  the  woollen  trade  of  the 
United  States. 

The  cheap  labor  and  labor^aving  machinery  of  England,  her  long-established  factories, 
great  improvements,  and  vast  capital,  proved  too  much  for  our  domestic  manufactures, 
notwithstanding  this  high  duty.  Absolute  prohibition  was  required  to  resuscitate  onr 
manufactures,  or  bring  into  esistence  new  branches  of  industry,  open  to  European  com- 
petition. From  this  absolute  want  sprang  the  highly  protective  and  almost  prohibitory 
tariff  of  1828,  which  resulted  in  "good  times,"  high  prices  for  labor  and  the  products 
of  labor,  and  both  public  and  private  prosperity,  not  only  North,  but  South. 

The  planting  interests  of  the  South,  however,  always  blind  to  an  enlightened  policy, 
and  governed  by  short-sighted  and  selfish  motives,  remonstrated  against  the  Tariff  Act 
of  1823  as  "unjust,  oppressive,  and  unconstitutional."     They  were  willing  to  pay 
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tribute  to  England,  but  they  were  not  -willing  to  advance  the  best  ioteresta  of  their 
common  countrj  by  bearing  a  temporary  ili  to  prevent  permanent  disease, — a  disease 
■which  has  since  nearly  resulted  in  diaruption,  and  which  haa  been  only  cured  by  the 
most  severe  suffering,  the  moat  cruel  treatment. 

South  Carolinar— always  poor,  little,  discontented,  and  miserable— passed  her  famoua 
Nvilificalion  Act  in  1832 ;  but  President  Jackson's  "  hemp  remedy"  then  produced  better 
resultsthanPresidentBuohanan's  "cordial"  since.  In  theface, however, of  Southemarro- 
ganoe,  ignorance,  and  croaking,  the  country  prospered ;  the  public  debtwas  paid,  principal 
and  interest;  manufactures  flourished;  and  many  of  our  most  profitable  branchea  of 
domestic  industry  were  then  firmly  established, — enabling  us  to  compete  with  England 
in  her  own  markets  for  the  peculiar  goods  whose  manufacturing  had  been  encouraged. 

The  continual  hue  and  cry  from  the  South,  coming  from  those  who  were  ansioua  to 
sell  the  English  a  pound  of  cotton  for  a  shilling  and  buy  back  an  ounce  at  twenty-five 
cents,  who  racked  their  generous  soila  and  permanently  impoveriahed  the  inheritance 
for  a  "mess  of  pottage," — a  few  paltry  dollars  to  spend  in  idleneas  and  selfish  luxury, 
— at  length  overcame  the  prudence  of  our  statesmen,  and  led  them  to  commit  the  fatal 
error  of  repudiating  the  "American  system,"  and  dwarfing  the  growth  of  our  manu- 
factures, Trhicli,  otherwise,  to-day  migUt  have  been  able  to  compete  with  the  world. 

THE   COMPROMISE   ACT. 

In  1833  the  celebrated  Compromise  Act  became  a  law,  and  reduced  the  duties  on 
imported  goods  about  ono-half.  The  effects  of  this  reduction  were  not  immediately  felt. 
The  change  from  abundance  to  famine  is  gradual;  want  comes  when  viasie  stops  from 
exhaustion.  Our  surplus  supported  ua  for  a  time,  but  we  lived  on  our  capital  rather 
than  its  profits.  This  could  not  last, long,  and  from  plenty  we  were  again  plunged  into 
poverty  and  general  distress. 

In  1836  the  importation  amounted  to  $189,980,035,  or  an  increase  of  $63,458,703  over 
those  of  1834,  the  first  year  of  the  Compromise  tariff,  with  an  average,  for  the  three 
yews  ending  in  1837,  of  $155,465,703  per  annum.  These  escessive  importations  again 
drained  the  country  of  specie  and  drove  capital  from  tlie  manufacturing  to  the  agri- 
cultural interests,  and  the  result  agmn  came  in  ruin  to  many  and  loaa  to  all.  The 
second  crisia  commenced  on  the  lOth  of  May,  1837,  by  the  auspension  of  the  New  York 
banks,  followed  by  the  banks  throughout  the  Union.  Importation — which  still  amounted 
to  about  $141,000,000,  or  $23,500,000  in  excess  of  the  exports— declined  $48,000,000, 
because  we  were  drained,  bankrupt,  and  could  not  buy  more  or  make  the  ruin  greater. 
The  nation  again  became  a  borrower  to  save  its  credit.  Bankrupt  laws  obliterated 
indebtedness,  and  financial  troubles  ensued  which  oven  to  this  day  leave  tleir  marks. 

Thus  we  see  the  cause  and  effect.  There  is  no  speculation  about  it.  History  shows 
it  in  such  clear  and  prominent  letters  that  "he  who  runa  may  read."  Protection  to 
domestic  industry  brought  prosperity;  free  trade  brought  adversity.  The  laws  govern- 
ing tlioae  results  are  as  immutable  as  the  laws  of  society,  and  no  more.  We  cannot  long 
C'Uttnue  to  spend  more  tiian  we  earn,  or  to  buy  more  than  we  sell,  unless  we  reverse 
our  usual  course,  and  instead  of  "selling  rabbit-skins  for  a  sixpence  and  buying  back 
their  tails  at  a  shilling,"  try  to  play  that  game  on  others. 

TARIFF   or   1842. 

The  free-trade  tariffs  have  always  been  experiments,  and  they  always  resulted  disas- 
trously; while  our  protective,  or  serai-protective,  tariff's  have  always  been  forced  on  us 
by  stern  necessity:  yet  they  always  resulted  in  plenty  and  prosperity,  wealth,  growth, 
u-ni  power;  while yre«  trade  brought  crash,  crisis,  and  ruin. 
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The  Government  was  again  compelled  to  advance  the  duties,  and  in  1842,  notwith- 
Btanding  thp  Compromise  Act,  which  was  considered  as  binding  between  the  North  and 
South,  Oimgress  passed  the  protective  tariff  of  that  year.  It  was  the  result  of  an  emor- 
gencj,  jet  was  proposed  aa  a  prudeat  and  wise  act  of  legislation  for  the  general  inte- 
rests of  the  country,  and  the  effects  were  almost  magical. 

"In  1S42  the  quantity  of  iron  produced  in  the  country  but  little  exceeded  200,000 
tons,  by  lS4fi  it  had  grown  to  an  amount  osceeding  800,000  tons.  In  1842  the  coal 
sent  to  market  was  hut  1,000,250  tons;  in  1847  it  exceeded  3,000,000  tons.  The  cotton 
and  woollen  manufaotures — and  manufactures  of  every  kind,  indeed — grew  with  great 
rapidity,  and  thu^  was  made  everywhere  a  demand  for  food,  cotton,  wool,  tobacco,  and 
all  the  products  of  the  field,  the  consequences  of  which  were  seen  in  the  fact  that  prices 
everywhere  rose,  that  money  became  everywhere  abundant,  that  farmers  and  property- 
holders  generally  were  enabled  to  pay  off  their  mortgages,  that  sheriffs'  sales  almost 
ceased,  and  that  the  rich  ceased  to  be  made  richer  at  the  expense  of  the  poor."* 

AD   VALOREM. 

But  this  prosperity  continued  for  a  short  season  only.  The  National  Treasury  was 
too  full;  money  too  plentiful;  the  tariff  was  too  good;  and  "tinkering"  and  experiment 
was  again  resorted  to  by  our  statesmen.  It  is  said,  however,  that  the  "lobby"  and 
British  gold  framed  the  tarilT  of  1846-47  and  its  ad  valarem  duties.  The  duties  of 
1842  were  specific,  and  were  collected  on  our  own  valuation  in  cash,  and  the  appraisers, 
collectors,  and  naval  officers  had  power  to  examine  parties  under  oath  in  relation  to  the 
value  of  exported  articles  in  the  principal  markets  from  whence  they  were  exported. 
But  the  tariff  of  1846  gave  to  importers  the  means  of  peculation  and  fraud  by  obtaining 
false  invoices;  and  while  the  duties  were  not  sufficient  to  protect  our  domestic  industry, 
they  were  still  made  leas  protective  by  the  dishonesty  of  the  British  manufacturers  and 
their  agents  here. 

But  a  still  more  powerful  influence  rendered  our  domestic  manufacturers  less  nble 
than  usual  to  compete  with  the  foreigner  at  this  time.  The  highly  protective  duties  i)f 
184**  w  Imost  prohibitory  ia  many  articles  of  importation.  Our  industry  flourished 
m  qu  nee;  the  prices  of  labor  and  the  products  of  labor  were  high;  money  was 

]1  nt  ful   a  d  the  markets  for  home  production  insatiato. 

In  Engl  nd  the  case  was  reversed.  The  United  States  were  her  best  customers 
du  th  free-trade  periods;  and  when  these  were  cut  off  by  high  tariffs  the  prices 
f  1  h  ad  the  productions  of  labor  there  were  cheap.  Consequently,  the  Engliali 
u  in  faclu  ers  were  able  to  sell  their  productions  much  below  American  prices,  which 
were  then  unusually  high.  English  labor  oost  fifty  cents  per  day,  ours  not  less  than  one 
dollar  and  fifty  cents,  or  three  times  the  price  of  English  labor;  while  the  freights  from 
England  to  New  York  were  not  greater  than  the  transportation  from  our  manufactures 
generally  to  the  same  point.  Our  labor,  therefore,  should  drop  suddenly  to  the  English 
standard  if  we  would  compete  with  them.  But  revolutions  of  this  kind  cannot  be 
effected  in  a  day  or  a  year.  Prices  and  regulations  cannot  change  so  suddenly.  Bank- 
ruptcy and  ruin  come  to  communities  slowly.  Foreign  goods  sell  cheap  at  firpt,  when 
we  are  rich,  but  dear  at  last,  when  we  are  poor.  These  are  natural  results ;  but  British 
policy  encourages  them,  and  British  avarice  hastens  to  take  all  the  advantages  they 
offer. 

It  is  strange  that  statesmen,  with  our  history  before  them,  and  the  examples  of  former 
years  fresh  in  their  memory,  should  legislate  for  the  destruction  of  domestic  industry 
and  in  favor  of  our  foreign  rivals.     The  disastrous  results  of  a  free-trade  policy  had 
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been  demonstrated  again  and  a,gain.  Ruin  always  followed  in  ita  ■wflke;  while  protec- 
tion alwajs  brought  prosperity,  "  good  times,"  and  high  prices  for  labor  and  the 
products  of  labor.  Yet,  strange  aa  it  may  appear,  we  were  again  to  try  the  "bleasinga 
of  free  trade"  aa  taught  by  British  economiBts.  We  were  to  experience  once  more  the 
beautiful  precepts  BO  lovingly  taught  us  by  our  good  cousins  over  the  water;  but  we 
ignored  their  esample.  The  free-trade  tariff  of  1846-47  took  the  place  of  the  protective 
tariff  of  1842.  When  this  free-trade  tariff  went  into  effect,  we  were  rich;  plenty  every- 
where existed;  our  vaults  were  full  of  gold,  and  our  people  enjoyed  prosperity  and 
abundance.  All  this  could  not  change  suddenly.  Our  wealth  did  not  vanish  in  a  day 
nor  a  year.  But  a  crwis  was  imminent  in  1850.  The  gold  of  California  only  put  it  off. 
In  1852-53  vre  exported  $97,000,000  in  specie  fo  pay  for  goods  ■which  we  should  have 
made  ourselves.  But  the  treasure  of  California,  though  it  flowed  in  a  steady  stream 
of  millions  from  the  Gkilden  Gate  of  tJie  VTeat,  only  put  off  the  evil  day  by  paying  the 
enormous  losses  of  our  free-trade  hobby.  In  1857  came  the  third  crisis,  and  we  were 
poor  indeed.  The  profits  of  former  industry,  the  millions  of  California,  the  labor  of 
many  years,  all  wasted  by  the  insatiate  demands  of  free  trade,  or,  worse,  gone  into  the 
pockets  of  our  enemies  and  rivals. 

This  crisis  came,  perhaps,  at  the  proper  moment,  since  it  was  necessary  to  shape  the 
public  sentiment  in  proper  form  for  tie  great  results  which  were  to  follow.  It  left  us 
poor, — our  factories  closed,  our  manufacturers  ruined,  our  experts  scattered;  but  it 
taught  our  people  wisdom,  and  prepared  their  minds  for  the  advent  of  the  slaveholders' 
rebellion, — though  their  pockets  and  their  means  of  defence  were  sadly  deficient  in  con- 
sequence. In  1860-61  came  a  change  in  political  parties  and  political  economy.  "Pro- 
tection to  our  manufactures  was  aeeepted  as  protection  to  our  farmers,"  and  adopted  as 
a  plank  in  the  Republican  Platform. 

"Better  reform  late  than  never."  But  Jet  «a  see  how  great  the  emergency,  how 
necessary  the  change  from  free  trade  to  something  like  protection,  and  how  iUj  prepared 
wo  were,  in  consequence  of  ten  years  of  the  "crushing-out"  process,  to  meet  the  gigaiitjc 
demands  which  the  war  so  suddenly  forced  upon  us,^how  indispensable  those  manufae- 
tures  which  we  refused  to  protect  in  peace  were  to  our  protection  in  war. 

In  1849  and  1850,  the  quantity  of  English  railroad  iron  rushed  into  American  markets 
were  200,000  tons,  at  $40  per  ton,  to  which  low  price  we  had  forced  it  during  our  season 
of  protection.  Our  mills,  wJiich  produced  41,000  tons  annually,  and  were  then  capable 
of  producing  70,000  tons,  were  reduced  to  16,500  tons  average  during  these  years. 

The  furnaces  went  out  of  bkst  because  the  market  fcr  pig  iron  was  destroyed  by  the 
stopping  of  the  mills  Under  these  circumstances  m  orler  to  save  themselves  from 
actual  ruin,  our  manufacturers  asked  simjly  for  protection  agiinst  actual  loss,  or 
enough  to  allow  them  $50  per  ten  for  iron  which  was  nw  third  more  valuable  than 
English  iron;  but  C  ngre"  refused  to  help  them  they  permittel  our  foreign  rivals  to 
crush  out  competition  Our  prr duLtnns  fell  frcm  800  000  tons  of  pig-iron  per  annum 
to  less  than  500,000  tons,  instead  of  increasing  as  formerly.  England  then  stepped  in 
for  our  trade,  and  before  competition  could  be  again  restored,  the  price  of  iron  went  up 
from  $40  to  $80  per  ton  I  At  enormous  prices,  England  supplied  us  with  no  less  than 
1,000,000  tons  of  rails  in  the  four  years  1851-54. 

The  additional  price  paid  during  those  four  years  by  our  railroad  companies  as  a 
penalty  for  permitting  American  cimpetitun  to  be  crushed  out,  could  not  be  less  than 
$30,000,000,  which  went  into  British  pockets  This  crushing-out  process  culminated 
with  the  crisis  of  1857,  and  left  our  factories  closed,  our  workshops  idle,  our  furnaces 
out  of  blast,  our  mills  deserted  our  exports  scattered,  our  capital  sunk,  our  credit  de- 
stroyed, our  jrtu  industry  urippled  and  the  munitions  of  war  consequently  unavailable. 
This  was  our  condition  on  the  breaking  out  of  the  rebellion,  though  we  had  been  for  a 
whole  decade  in  possession  of  mines  of  treasure  that  yielded  us  more  than  $500,000,000 1 
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all  of  whioli  had  gone  to  Europe,  witliout  enabling  us  to  paj  our  way,  or  make  up  for 
the  annual  loss  of  our  free-trade  experiment;  while  we  owed  not  less  than  §5(10,000,1)00 
in  addition  to  English  or  European  capitalists,  on  whioh  we  could  scarcely  pay  the  inte- 
rest, and  our  credit  was  bo  low  tiat  our  honds  found  no  further  purchasers.  So  much 
for  free  trade!    These  are  its  lessona,    Wili  we  never  i>roftt  by  our  sad  esperiencef 


"THE  PBOTECTION  OF  WAR." 

The  limited  tariff  of  1861  could  not  liave  had  the  effect  of  suddenly  starting  our 
factories  and  reviving  our  industry  to  tho  astonishing  extent  we  have  witnessed  during 
(he  past  three  years.  In  1812,  the  demands  and  "protection"  of  war  revived  our  in- 
dustry, and  brought  wealth  and  prosperity.  In  18G1,  and  during  four  years  of  the 
most  costly  and  tremendous  war  the  world  has  ever  known,  we  have  increased  in  num- 
bers, wealth,  and  general  prosperity.  Our  losses  in  treasure  were  and  are  greater  under 
the  demands  of  free  trfide  than  under  those  of  war.  Wc  can  better  afford  Us  pay 
$2,000,000  per  day  to  our  soldiers  and  manufacturers  at  home  to  protect  our  domestic 
industry,  than  we  can  to  pay  England  to  do  our  manufacturing  in  iron  alone.  We  can 
better  afford  to  pay  the  interest  on  $3,000,000,000  to  our  own  people  on  our  own  capital, 
than  to  pay  the  balance  of  free  trade  to  Buropel  The  first  is  accumulative,  while  the 
second  is  exhaustive. 

During  the  war,  our  production  of  pig-iron  increased  to  1,300,000  Ions,  and,  with 
protecUon,  it  can  be  made  to  double  itself  every  five  years,  with  an  annual  decrease  in 
cost.  Our  rolling-mills  produced  283,560  tons  of  rails  in  1864,  and  possess  a  capacity 
of  700,000  tons  per  annum  of  rolled  iron. 

The  protection  afforded  by  (he  war  has  now  partially  ceased,  and  that  given  by  the 
tariff  of  1861  is  rendered  ineffectual  in  some  cases  by  the  operation  of  direct  taxes, 
particularly  on  our  iron  manufaetnres.  The  Eepublican  party  pledged  themselves  to 
give  "protection  to  the  farmer  by  bringing  the  consumer  to  hie  side;"  but  we  find  the 
reverse  to  be  true  at  present,  and  free  trade  vbtually  rules  to-day  over  many  important 
branches  of  our  domestic  industry. 

The  duty  on  iron  is  nominally  S15.68  per  ton  of  2240  pounds.  The  direct  taxes  paid  by 
tho  manufacturer  are  $8.40  per  gross  ton,  and  the  indirect  tases  $7.83,— making  a  total 
of  110.23  paid  by  the  iron  manufacturers  on  a  ton  of  rails,  or  55  cents  excess  of  tax 
over  duty,*  The  only  protection  now  afforded  is  in  tlie  premium  on  gold,  which  we 
cannot  wish  to  continue.  We  are,  therefore,  to-day,  though  under  a  Government  pledge 
to  protection,  on  the  road  to  crash,  crisis,  and  ruin,  which  is  sure  to  follow  free  trade. 

Our  eiportB  for  the  first  ten  months  of  the  present  calendar  year— 1865— were  valued 
at  $86,500,000  in  specie,  while  our  imports  for  the  same  time  amount  to  $168,500,000 
in  specie! — or  an  excess  of  $82,000,000!  1— which  must  be  paid  for  in  gold,  or,  worse,  in 
Government  bonds,  bearing  interest,  of  which  over  $1,000,000  go  to  Europe  every  week. 
It  is  knmcn  that  more  than  $500,000,000  of  railroad  and  State  bonds  are  held  in  Europe, 
on  whioh  the  highest  rates  of  interest  are  paid,  and  it  is  feared  that  over  $500,000,000 
Government  bonds  have  already  found  their  way  to  the  s^me  hands. 

We  presume  that  a  direct  loss  has  been  suffered  in  this  last  transaction  of  at  leaet 
$250,500,000.  Many  of  these  bonds  were  sold  at  a  discount  of  150,  and  none  less  than 
40  per  cent.;  an  average,  therefore,  of  50  per  cent,  is  less  than  that  which  has  been 
paid.  For  this  $250,000,000  we  have  nothing  to  show ;  and  yet  the  interest  is  entailed, 
because  we  have  absorbed  the  capital  in  excess  of  imports. 

Wo  can  far  better  afford  to  war  with  all  Europe,  year  after  year,  than  give  her  free 

*  Letter  of  IDaniel  J.  Moirell,  Efl^.,  to  tbe  Sccrclarj  of  Ibc  Amoritaii  Iiuu  ami  Steel  AbbocIiIjou. 
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trftde,  the  best  of  our  markets,  and  pay  the  balance  of  "profit  and  loss"  in  bonds  at  46 
per  cent,  discount. 

Ten  jears  of  suoh  interoourse  would  lead  ua  to  irreparable  ruin, — repudiation, — while 
ten  years  of  war  with  all  Europe  would  afford  ub  full  protection,  wipe  out  our  debta, 
and  save  us  an  annuo!  drain  of  specie  which,  under  free  trade,  would  not  be  ieas  than 
$100,000,000  per  annum.  Could  we  not  far  better  pay  $2,000,000  per  day  tff  our  own 
siildiera,  and  those  who  furnish  army  and  navy  supplies,  fo  afford  us  tho  '■  protection  of 
war,"  rather  than  pay  an  annual  loss  so  enormous,  so  ruinous?  The  taxes  paid  to  our 
government  is  not  a  loss  to  the  country.  It  passes  from  hand  U>  hand,  and  rather  in- 
creases than  diminishes  the  wealth  of  tho  people,  since  it  is  paid  principally  on  capital 
furnished  by  the  government,  on  which  we  realize  a  profit  after  paying  the  interest. 
But  we  can  far  beti^r  afford  to  pay  and  keep  in  the  field  500,000  soldiers  tlian  allow  the 
domestic  industry  of  30,000,000  to  languish,  and  pay  Europe  to  work  for  ua.  We  had 
better  tax  the  industry  of  the  country  $2,000,000  per  day,  than  lose  a  larger  amount  by 
idleness,  and  the  want  of  profitable  employment,  by  crushing  out  the  spirit  of  industry 
by  free  trade  I 

THE  WEALTH  OF  NATIONS. 

Having  presented  a  brief  rfesumg  of  our  tariff  Acts  and  their  results,— showing  the 
evils  of  the  one  and  the  benefits  of  the  other,  as  demonstrated  in  protective  and  free- 
trade  tariffs, — we  now  offer  a  concise  and  practical  illustration  of  the  ways  and  means 
to  national  prosperity,  or  in  what  consists  the  wealth  of  nations. 

A  nation's  wealth  consists  principally  in  her  natural  resources;  secondly,  in  the  in- 
telligence, skill,  and  industry  of  her  people.  A  country  may  be  rich  in  all  the  bountiful 
gifts  of  nature,  as  Mexico  and  China,  and  yet  without  the  ability  to  profit  for  the  latk 
of  intelligence,  skill,  and  industry.  We  find  the  people  of  New  England,  who  have  not 
much  to  boast  of  in  their  barren  hills,  far  more  wealthy  and  prosperous  than  those  of 
Virginia,  who  for  centuries  have  been  delving  in  miserable  poverty  among  the  untold 
riches  of  a  most  magnificent  country. 

England  possesses  both  in  an  eminent  degree,  and  prospers  wonderfully  by  their  com- 
bination. She  has  more  available  ooal  than  exists  in  all  other  parts  of  Europe,  and 
perhaps  her  iron  and  tin  and  copper  are  on  a  corresponding  scale.  She  certainly 
makes  the  best  use  of  them. 

Her  intelligence  taught  the  use  and  value  of  iron,  and  her  people  were  the  first  to 
make  it  on  the  grand  scale,  with  mineral  coal  for  fuel, — first  in  the  blastfurnace  for  the 
production  of  cast  iron,  then  in  the  puddling-fumace  for  the  elaboration  of  the  bar. 
Skill  and  industry  were  the  handmaids  of  science.  What  the  intelligent  mind  pro- 
posed, the  willing  hand  did  skillfully.  This  knowledge  brought  her  power  and  wealth. 
Steam  obeyed  the  ingenious  Watts,  and  strong,  tireless  motors  of  iron,  breathing  fire 
and  steam,  sprang  forth,  full-grown,  like  Minerva  from  the  brain  of  Jupiter,  to  labor 
for  the  intelligent  Englishman. 

While  the  people  of  tho  South  bought  slaves  of  flesh  and  blood, — men  and  women, 
with  all  the  failings  and  ills  of  humanity, — and  drove  them  to  the  fields  under  the  lash 
of  the  taskmaster,  the  people  of  both  Old  and  New  England  bought  or  made  the  tire- 
less "  iron  slave," — the  steam-engine, — which,  directed  by  intelligence  and  skill,  was  a 
hundredfold  more  valuable  to  (he  owner  or  master  than  the  negro  slave.  The  price  of 
the  latter,  say  $1000,  bought  seventy  times  the  power  in  the  former.  Each  horse-power, 
costing  one  hundred  dollars,  does  the  work  of  seven  men  while  employed ;  but  since 
human  limbs  grow  tired  and  the  iron  wheels  do  not,  we  may  say  that  each  horse-power, 
directed  by  intelligence,  is  worth  ten  ignorant  negro  slaves. 
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The  Blave-mastflfs  of  the  South  owned  4,000,000  of  the  latter,  while  tlie  manufacturers 
of  England  owned  83,000,000  of  the  former. 

The  planters  of  the  South  foUowed  the  rude  and  primitive  pursuits  of  barbarous  ages, 
and  supplied  with  slave  labor  the  more  skilful  spinning  jennies  of  England  with  the 
raw  material  at  six  uents  per  pound,  and  bought  it  ba«k  again  in  manufactured  ai'tiules 
at  ton  times  its  former  value.  The  barbarous  slave  paying  tribute  to  the  civilizing 
iron  1  England's  slaves  need  no  lash,  but  work  patiently,  tirelessly,  and  most  effectively. 
In  peace,  industrious  and  accumulating  wealth ;  in  war,  formidable,  and  the  first  to 
hurl  forth  wiJath  on  the  foe.  Thej  need  no  emancipation ;  with  them  no  insurrection 
is  feared. 

Ignorance  may  import  coolies  or  buy  or  breed  the  negro  slave,  but  intelligence  will 
build  the  steam-engine. 

The  slaves  of  the  South  brought  poverty,  waste,  war,  and  desolation,  and  never  did, 
and  never  could,  have  made  their  masters  powerful,  influential,  and  wealthy.  They 
were  an  element  of  weakness, — a  relic  of  tie  barbarous  past. 

The  steam-power  of  England  baa  enabled  her  to  increase  the  productive  ability  of 
her  30,000,000  intelligent  and  industrious  people  to  600,000,000  of  laboring  units,  as 
before  stated,  each  equal  to  the  physical  force  of  an  able-bodied  man.  This  acquisition 
of  mechanical  power  has  enabled  her  to  mannfactnre  for  the  world,  to  gather  wealth 
from  every  quarter  of  the  globe,  and  spread  her  language,  hor  influence  and  power  in 
every  clime.  She  has  founded  a  mighty  nation  in  tJie  "West,  destined  to  overshadow  her 
in  future  greatness  and  wealth.  But,  while  we  are  passing  out  of  her  power,  she  is 
creating  a  new  nation  of  perhaps  equal  magnificence  on  tlie  remote  continent  of  Aus- 
tralia, where  a  wide  field  is  open  for  her  surplus  population  and  future  markets  for  her 
products. 

The  labor  and  labor-saving  machinery  of  England  has  enabled  her  to  multiply  her 
productive  ability.  They  constitute  an  element  of  her  wealth ;  her  furnaces,  mills, 
mines,  raiboads,  ships,  &c.  &c.  add  to  her  means  of  production,  while  her  capital  in 
bonds,  notes,  gold  and  silver,  enables  her  to  transact  vast  business  operations  and  efiect 
exchanges  which  result  always  to  her  profit.  Her  prudence,  intelligence,  skill,  and 
industry  are,  therefore,  wded  by  the  natural  and  artificial  means  which  they  have  utilized. 
Her  wealth,  therefore,  consists  in  her  property.  But  the  value  of  her  possessions  depend 
more  on  their  utility  or  her  management  of  them  than  on  their  cost.  Her  engines 
would  be  valueless  and  her  ships  would  be  a  burden  were  they  not  profitably  employed. 
The  aim  of  her  capitalists  and  statesmen,  therefore,  has  been  to  make  every  thing  pay. 
Sectional  or  selfish  interests  are  not  tolerated  when  they  conflict  with  the  public  pros- 
perity. Her  tariff  permits  no  importations  to  injure  her  domestic  industry.  If  she 
proclaims  free  trade  in  hread-stuffs,  cotton,  and  iron,  is  it  not  to  her  interest  to  do  so? 
Her  operatives  can  make  more  in  spinning  cotton  and  making  cloth  than  in  cultivating 
the  barren  heath  or  the  swampy  moor ;  while  no  other  nations  can  compote  with  her  in 
the  manufacture  of  iron.  But  she  does  not  allow  the  smart  Yankees  of  New  England  to 
send  her  pins,  screws,  locks,  or  clocks  duty  free,  nor  do  the  fine  manufactures  of  France 
compete  with  the  broadcloth  of  England. 

Her  statesmen  have  been  wiser  than  ours.  With  them  the  question  is  not  how  to 
raise  the  means  to  keep  the  machinery  of  government  moving,  but  to  increase  the 
wealth  and  prosperity  of  the  nation.  '■Win  it  pay?"  seems  to  be  the  first  consideration 
of  every  tariff  act  and  every  treaty;  and  so  far  they  have  made  few  mistakes.  Every 
ton  of  coal  and  every  pound  of  iron  dug  from  her  extensive  mines  has  paid  a  profit. 
Every  bale  of  cotton  and  every  pound  of  wool  which  she  has  imported  has  added  to 
her  vast  wealth.  Her  ships  carry  for  the  world,  and  the  world  pays  roundly  for  it;  and 
as  long  as  she  continues  to  give  her  vast  lalxtr-saving  machinery  profitable  employment 
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by  finding  profitable  markets,  so  long  will  her  wealth  increase.     But  ahould  her  markets 
fail  and  her  ships  lie  idle,  Englaud'a  wealth  will  be  sadLj  depreciated 

The  pi-oapecity  of  nationa  is,  therefore,  much  like  that  of  individuals.  Industry  and 
prudent  management  are  almost  sure  to  accumulate ;  while  idleness  and  ignorance  or 
folly  are  sure  to  lead  to  ruin.     The  want  of  profitable  employment  is  a  miatortune.  ^ 

The  condition  of  the  American  people  is  widely  different  from  that  of  the  English. 
Their  manufactures  came  into  existence  without  opposition,  because  they  led  the  world 
in  improvements  and  were  the  first  to  put  iron  and  steam  into  harness.  Human  thews 
could  not  compete  with  limbs  and  wheels  of  iron.  Wc,  on  the  contrary,  were  forced 
into  competition  with  England  tinder  the  most  unfavorable  circumstances.  She  con- 
trolled us,  not  only  by  superior  maiiufa<.'turing  ability,  but  by  prohibitory  laws ;  and, 
■while  the  only  people  on  the  earth  whose  natural  resources  are  e^ual  to  competition, 
we  have  been  her  beet  customers,  and  have  paid  her,  first  and  last,  thousands  of  mil- 
lions ;  though  we  have  furnished  her  manufacturers  more  raw  material  than  all  the 
rest  of  the  world  combined. 

Unlike  England,  we  find  our  lieat  markets  at  home.  Our  country  is  thirty  times 
greater  in  estcnt  than  the  island  of  Great  Britain ;  our  proJuutions  are  more  diversIBed. 
We  produce  the  raw  material,  and  can  furnish  fuod  to  any  eitent.  Our  people  are  a^ 
intelligent,  our  mechanics  as  skilful.  Our  natural  wealth  is  also  thirty  times  greater 
than  hers,  acre  for  acre,  because  our  mineral  resources  are  in  excess.  We  have  one 
sijuaro  mile  of  coal  for  every  fifteen  of  territory ;  she  has  one  for  every  twenty  of  terri- 
tory ;  while  our  resources  in  iron  are  equal  in  comparison.  Our  soils  are  naturally 
richer,  and  are  capable  of  feeding  the  world.  Our  mountains  produce  gold,  our  fields 
are  white  with  cotton,  while  every  product  of  Europe  finds  a  congenial  climate  here,— 
the  grape  of  France,  the  silkworm  of  Italy,  or  the  merino  sheep  of  Spain. 

With  these  unparalleled  resources,  intelligence,  skill,  and  industry,  why  are  we  buying 
from  Europe  at  this  moment  double  the  amount  of  our  sales?  Why  are  we  spending 
double  our  income?  Why  are  we  eo  much  in  debt  to  England?  Why  is  our  vast 
natural  wealti  unavailable?  Why  do  we  go  ta  England  for  iron,  while  we  are  thirty 
times  richer  in  ores  and  coal  than  she  is?  Simply  because  we  send  our  surplus  capital 
to  Europe  for  goods,  instead  of  investing  it  in  labor-saving  machinery,  railroads,  mines, 
furnaces,  and  mills,  and  in  creating  and  sustaining  a  domestic  industry  which  would 
yield  from  ten  to  twenty  per  cent.  If  sent  to  Europe,  our  gold  is  lost  to  us;  we  receive 
no  benefit,  except  in  the  temporary  wear  of  a  coat  or  a  rail.  But,  if  invested  in 
machinery  to  produce  the  coat  and  the  rail,  we  not  only  save  their  cost,  but  we  haye 
tho  means  of  reproduction.  It  becomes  productive  wealth.  Had  we  manufactured  all 
the  iron  we  have  purchased  from  England  since  the  Bcvolulion,  we  should  not  only  have 
saved  the  $500,000,000,  or  perhaps  double  that  amount,  which  we  have  spent  for  the 
purpose,  hut  it  would  have  been  invested  in  labor-saving  machinery,  mills,  furnaces, 
&C.,  which  would  net  us  at  least  ten  per  cent  profit  and  enable  us  to  compete  with 
England  in  the  manufacture  of  iron. 

At  the  period  which  we  name,  or  during  the  Revolution,  our  ability  to  produce  iron 
was  greater  than  that  of  England,  and  the  amount  actually  produced  was  not  much 
less.  Had  we  been  protected  by  tarifF,  or  war,  ever  smce,  against  the  cheap  labor  of 
Europe,  the  amount  of  iron  consumed  in  this  country  would  have  been  increased  per- 
haps tenfold,  and  the  prices  reduced  much  below  those  which  have  ruled.  We  should 
long  ago  have  substituted  tho  steam-engine  for  the  negro  slave,  and  have  saved  blood  as 
well  as  treasure  by  the  exchange. 

The  wealth  of  England  at  the  close  of  the  Revolution  vraa  not  one-tenth  of  its  present 
proportion.  Our  wealth  to-day  may  be  stated  at  §20,000,000, 000,  infiated  as  ^1  values 
are  now;   while   that  of  England  is  SlOO,000,000,COO,  on  a  substantial   basis.     Our 
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$;;0,000,000,000,  however,  is  not  now  productive.''  We  are  going  in  debt  every  day; 
while  her  $100,000,000,000  is  conBtantly  acouinu latin g. 

Our  census  returns  show  an  average  increase  of  over  8  per  cent,  per  annum  in  the 
liijal  States;  but  they  also  made  the  increase  of  wealth  in  the  Southern  States  over  9 
per  cent.  Was  that  real  or  productive  wealth?  If  bo,  where  is  it  now?  The  war  cost 
the  North  more  than  it  cost  fJie  South;  yet  war  made  us  richer,  while  it  made  them 
poorer.     Their  wealth  was  not  productive. 

During  the  war  we  accumulated  wealth,  though  we  spent  nearly  $2,000,000  per  day 
ill  sustaining  our  armies.  To-day  we  are  losing  it  in  vain  competition  with  the  cheap 
labor  of  Europe.  Then,  every  man  not  ia  the  army  was  at  work,  with  mind  or  limb, 
and  thousands  of  steam-engines  were  laboring  unceasingly.  Now,  hundreds  of  thou- 
sands are  comparatively  idle,  and  our  steam-machinery  finds  scarce  half  employment. 
Tea  years  of  free  trade,  euch  as  wo  now  suffer,  would  bring  crash,  crisis,  and  ruin,  with 
repudiation  and  shamo;  while  ten  years  of  war  with  all  Europe  would  wipe  out  our 
debts  and  make  our  natural  resources  available.  But  a  protective  tariff  will  secure  by 
peaceful  means  better  results  than  can  he  obtained  by  war. 

Productive  wealth  does  not,  therefore,  consist  in  fields  of  coal  or  mountains  of  ore, 
in  bales  of  cotton  or  hundreds  of  thousands  of  slaves,  but  in  our  own  ability  to  make 
them  available  and  profitable.  Wo  may  own  $20,000,000,000  of  inflated  stock,  but  if 
it  docs  not  pay  it  is  not  wealth.  Our  furnaces,  mines,  mills,  factories,  and  ships  are 
not  productive  of  wealth  if  they  cannot  supply  our  want?.  We  may  mortgage  them,  as 
we  are  now  doing,  and  live  on  the  proceeds  thus  obtained  for  a  season;  but  crisis  and 

Wo  cannot  compete  with  the  cheap  labor  of  Europe,  or  the  labor-saving  machinery 
of  England,  unless  our  people  will  work  for  the  starvation  prices  of  the  Old  World ;  and 
even  then  wo  cannot  do  so  without  the  assistance  of  steam  and  machinery. 

The  Irish  in  Ireland  labor  cheaper  tiian  the  English  in  England,  but  they  do  not 
grow  rich.  Labor  in  Turkey,  Hindostan,  and  South  Carolina  has  always  been  lower 
than  it  has  been  in  England,  but  can  it  compete?  Japan  is  rich;  her  labor  is  cheap; 
but  how  long  would  it  take  England  to  fleece  her,  without  protection  to  her  industry ! 

It  is  scarcely  possible  to  express  the  wealth  of  nations  in  a  word;  but  by  thrift  it  is 
acquired,  with  that  knowledge  which  turns  all  it  touches  into  gold.     In  this  sense. 


POLITICAL  ECONOMY. 

Political  economy  aa  a  science  embraces  a  wide  range  of  subjects.  We  propose,  how- 
ever, to  consider  it  practically,  and  only  in  its  relation  to  our  domestic  industry  and  the 
development  of  our  resources. 

Free  trade  is  very  simple.  Its  name  is  attractive  to  a  free  people;  and  it  would  be 
very  acceptable  if  all  nations  were  governed  by  the  same  laws,  the  same  interests,  and 
the  same  habits.  Even  then,  those  having  the  most  productive  soils  and  the  richest 
minerals  would  become  wealthy  at  the  expense  of  those  who  were  deficient  in  natural 
resources.  But  since  this  is  not  and  cannot  be  the  condition  of  the  world,  political 
economy  becomes  a  necessity.  It  protects  the  weak  against  the  strong,  the  poor  agMUst 
the  rich.  It  provides  measures  for  the  proper  recompense  of  labor,  the  encouragement  of 
industry,  protects  private  enterprise  and  fosters  public  welfare.  It  should  preserve  for 
Americans  the  magnificent  natural  wealth  of  America.  It  should  protect  our  industry 
from  the  labor-saving  machinery  and  capital  of  England,  and  our  people  from  the  cheap 
labor  of  Europe.  That  ia  not  economy  which  squanders  the  bountiful  gifts  of  nature 
and  neglects  domestic  thrift, — which  advocates  free  trade,  and  consequently  brings  the 
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standard  of  free  labor  in  America  to  the  level  of  tho  starving  millions  of  Europe, 
The  great  object  of  political  economy  should  not  be  to  encourage 

CHEAP  LABOR, 

but  to  provide  free  men  with  a  fair  share  of  the  profits  of  labor,  and  some  benefits  from 
the  natural  wealth  of  their  countrj. 

The  cheap  labor  of  Europe  represents  "coarse  food,  mean  clothes  and  lodging,  political 
nullity,  ignorance,  and  serfdom,"  without  encouragement  or  opportunity  to  rise  above 
the  condition  of  dependence  and  poverty. 

The  free  labor  of  America  represents  an  abundance  of  the  best  food,  the  clothing  of 
a  gentleman,  a  home  of  independence  and  domestic  comfort,  choice  of  occupation,  par- 
ticipation in  government,  with  inducements  and  opportunity  to  acquire  wealth,  honor, 
and  position. 

Free  trade  reduces  American  _/ree  labor  to  the  standard  of  European  cheap  labor;  but 
protection  to  our  domestic  industry,  by  a  judicious  economy,  prevents  the  one  and 
secures  the  other.  It  seems  preposterous  to  argue  so  plain  a  matter  as  this.  These 
facta  are  "self-evident."    But  the  advocates  of  free  trade  advance  the 

FARMER  AND  THE  PLANTER 

ae  the  first  or  principal  producers  of  wealth,  and  those  whose  interests  should  be  the 
first  consulted.  It  is  true,  these  are  our  great  and  vital  interests  at  present,  and  these 
interests  we  are  most  anxious  to  serve.  But  how  does  free  trade  benefit  the  one  or  the 
other?     How  can  we  serve  them,  if  wo  neglect  the  manufacturer  and  the  mechanic? 

Wo  can  have  no  home  markets  if  we  axe  all  farmers  and  planters,  and  the  manu- 
facturers of  Europe  cannot  buy  more  from  us  than  thev  sell  back  to  us.  They  have 
alvfays  bought  less  than  they  sold.  If  they  buy  a  bal^f  cotton,  they  pay  for  it  with  a 
piece  or  bolt  of  cloth.  If  they  want  a  barrel  of  flour,  they  send  us  a  bar  of  iron.  But 
if  we  had  the  manufacturer  and  the  mechanic  side  by  side  with  the  farmer  and  the 
planter,  we  could  obtain  two  bolts  of  cloth,  or  two  pieces  of  calico,  and  two  bars  of  iron, 
for  the  same  price. 

It  is  notorious  that  the  protection  of  war  has  advanced  cotton  from  sis  cents  to  fifty 
cents  a  pound;  while  we  know  that  free  trade  reduced  it  from  twenty-five  cents  to  its 
lowest  limit  Tree  trade  reduced  com  to  ten  cents  or  less  per  bushel,  while  protection 
advanced  it  to  fifty  cents  and  above. 

That  is  not  economy  which  robs  the  generous  soil  of  all  its  richness  in  order  that  its 
productions  may  be  sold  cheap  in  foreign  markets.  Yet  such  has  been  the  economy  of 
the  planter  and  farmer  in  this  country.  The  soils  of  Virginia  and  the  Carolinas  are 
nearly  exhausted,  and  yet  the  planters  did  not  acquire  wealth,  though  provided  with 
the  cheapest  of  labor,  which  only  received  coarse  food  and  scanty  raiment  for  its  hire. 
The  result  is,  exhausted  lands  and  poverty-stricken  people.  The  magnificent  prairies 
of  the  West  yield,  year  by  year,  less  and  less  to  the  farmer,  because  their  export  trade 
pays  but  a  scanty  pittance  for  their  labor,  and  returns  nothing  to  the  impoverished  soil. 

But,  while  free  trade  is  racking  the  rich  soils  of  the  planting  South  and  Impoverishing 
the  prairies  of  the  farming  West,  the  sterile  hills  of  manufacturing  New  England  are  in- 
creasing in  richness  and  production;  while  the  soil  of  Great  Britain,  which  cannot  com- 
pare with  those  of  the  South  and  West  in  original  yield,  now  produces  from  two-  to  three- 
fold greater  crops  It  is  therefore  evident  that  the  farmers  and  planters  are  decreasing 
instead  of  increasing  the  national  wealth,  by  exhausting  the  strength  and  consequently 
depreciating  the  value  of  the  soils,  and  that  free  trade  and  foreign  markets  cannot 
return  the  wealth  thus  extracted.    The  conclusion  is  pliun. 
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THE  MINEK,  MANUFACTURER,  AHD  MECHANIC 
must  labor  side  by  side,  or  in  tlie  aame  oommumtj  with  the  planter  and  the  farmer,  if 
we  wish  to  profit  by  our  magnificent  resouroes,  increase  in  wealth,  and  keep  step  with 
the  progress  of  intelligence  and  oivilization. 

The  husbandmen  and  shepherds  of  the  barbarous  agea  used  their  fingers  for  forks, 
and  the  skina  of  their  flocks  and  herds  for  clothing;  yet  their  Tubal-eains  were  forced 
to  supply  them  with  knives  and  instruments  of  brass.  The  savages  of  America  de- 
pended on  their  rude  mechanical  skill  in  constructing  snires  and  bows  and  arrows  for 
their  food,  while  the  Hottentots  of  Africa  owe  their  precarious  and  miserable  esiatenee 
more  to  their  ingenuity  than  to  the  natural  fruits  of  the  earth 

The  soil  cannot  bo  made  to  yield  its  fruit  without  some  instrument  of  mechanical 
construction.  The  burned  stick  of  the  Indian,  the  wooden  plough  of  the  Roman,  the 
rude  coulter  of  our  grandfathers  or  the  steam  cultnators  of  today  must  be  made 
use  of. 

We  would  relapse  into  barbarism  without  the  aid  of  iron  ani  those  metals  which 
Buhject  all  nature  to  our  use  and  pleasure ;  but  we  cannot  obtain  tl  em  without  the 
miner  and  the  manufacturer  nor  can  we  fashion  them  to  ur  wants  without  the  skill  of 
the  mechanic. 

Yet  science  and  knowledge  are  quite  as  essential.  Tho  ancient  manufaoturer  made 
ingots  of  steel,  and  the  East  Indian  of  to-day,  blowing  hit  fires  through  a  sheep-skin 
bag,  can  produce  a  half-pmad  of  motal  per  day  I  Science  has  inoreasi,d  the  production 
to  one  hundred  pounds.  Our  ancestors  in  England  carried  the  r  c  a!  ore,  and  iron  on 
the  backs  of  women  and  asses  in  1600;  and  fifty  years  niro  tl  e  planters  of  Virginia 
rolled  their  hogsheads  of  tobacco  from  Danville  to  Richmond  !*  Steam  now  does  the 
work  with  a  thousandfold  increase.  It  is  thus  manifest  that  the  miner,  manufacturer, 
and  mechanic  are  not  only  useful  to  the  planter  and  tlie  farmer,  but  absolutely  indis- 
pensable. They  are  the  handn^de  of  science  and  skill.  It  is  said  that  John  Randolph 
of  Roanoke  wrote  above  his  door, 

"Let  no  mechanic  enter  here;" 
and  well,  perhaps,  Itat  he  wrote  these  words,  or  that  tho  principle  expressed  existed  in 
the  slavemaster's  heart,  for  the  good  of  humanity  and  the  emancipation  of  the  slave; 
but  alas  for  the  blood  they  have  shed,  the  desolation  they  have  caused  the  unfortunate 
South  I 

The  miner,  manufacturer,  and  mechanic  are  not  only  absolutely  necessary  for  the  pro- 
duction of  food  and  clothing,  but  they  furnish  the  means  of  promoting  intelligence  and 
civilisation,  the  necessities,  comforts,  pleasures,  and  luxuries  of  peace,  and  the  imple- 
ments of  defence  in  war. 

These  facts  are  evident.  It  manif  st  that  the  richest  soils  must  become  eventually 
exhausted  and  valueless,  by  nt  nual  drains  on  their  resources,  without  recompense. 
A  purely  agricultural  peo]  1  theref  e  ad  is  nothing  to  tho  permanent  wealtli  of  their 
country,  while  a  combined  m  nufa  tu  ng  and  agricultural  community  constantly  grows 
rich.  There  are  many  examples  b  t  let  "V  rginia  and  Massachusetts  stand  in  evidence. 
The  former  was  naturally  r   h  but   s  now  poor;  the  latter  was  naturally  poor,  but  is 

But  a  purely  agricultural  community,  as  wo  have  shown,  cannot  exist  to-day  without 
the  aid  of  the  manufacturer;  and,  since  the  first  cannot  fail  to  grow  poor  without  the 
direct  aid  of  tho  second,  it  cannot  be  a  question  in  political  economy  as  to  the  relative 
advantages  of  using  foreign  or  domestic  productions. 
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The  miner,  manufacturer,  and  mechanic  muat  labor  side  hy  side  with  the  planter  and 
tha  farmer,  nut  only  in  order  to  obtain  the  best  results  and  acquire  wealth,  but  tu  save 
our  natunil  resources  from  depreciation  and  eventual  exhaustion. 

The  mineral  resouroes  of  our  country  are  equal  to  its  agricultural;  but  the  one  cannot 
be  profitably  developed  without  the  other,  and  domestic  induBtry  must  be  employed  to 
accomplish  tlie  result. 

If  political  economy,  every-day  examples,  and  reason,  teach  us  those  lessons,  is  it  not 
Bfrange  that  we  have  not  profited  by  (hem?  Is  it  not  a  matter  of  astoniahment  that 
American  statesmen  should  have  so  long  neglected  American  resources?  la  it  not 
absurd  for  our  farmers  and  planters  to  advocate  free  trade,  whioli  not  only  tends  to  im- 
poverish themselves,  but  their  lands  also? 

The  foregoiog  facts  and  arguments  should  be  sufficient  to  convince  intelligent  men; 
but,  since  prejudice,  party,  and  the  sophistry  of  foreign  economists,  agents,  and  im- 
porters aie  arrayed  against  the  truth,  we  will  give  a  few  plain  and 

PRACTICAL  ILLUSTRATIONS. 

The  value  of  the  cotton  crop  exported  may  be  $190,000,000,  but  the  value  of  the 
articles  consumed  by  the  producers  to  supply  their  wants  would  be  greater.  It  Is 
notorious  that,  wliile  the  few  planters  lived  in  ease  and  luxury,  the  "poor  whites"  and 
negroes,  or  over  ono-h^f  the  entire  population,  existed  in  extreme  poverty.  The  price 
realized  by  their  productions  did  not  pay  for  the  labor  of  producing;  while  their  lands 
■were  constantly  growing  less  productive. 

In  the  mean  time — say  1860 — the  people  of  New  England  bought  cotton  of  the  South 
to  the  amount  of  $37,680,782,  which  they  sold  for  $79,359,900.  To  aocomplish  this, 
only  29,88G  boys  and  men  and  51,617  women  and  girls  wore  employed,  whose  total 
wages  amounted  to  $16,725,720,  leaving  a  profit  of  $25,953,358,  at  the  same  time  giving 
a  valuable  home  market  to  their  farmers,  and  enabling  them  to  increase  the  productive- 
ness and  value  of  the  soil  by  full  compensation. 

In  the  South,  while  less  than  1,000,000  of  slaves  were  raising  cotton,  not  less  than 
2,000,000  were  comparatively  idle,  or  employed  in  no  useful  or  productive  pursuit, 
the  planters  doing  nothing,  and  the  poor  whites  either — worse — drinking  whiskey,  or 
earning  a  miserable  existence  from  worn-out  soil,  or  drudging  in  competition  with  the 
slave,  whose  pay  was  only  coarse  food  and  scanty  raiment. 

These  2,000,000  unproductive  people,  if  directed  by  intelligence  or  the  example  of  New 
England,  could  have  manufactured  tie  entire  cotton  crop  of  the  South,  and  raised  food 
enough  to  sustain  both  themselves  and  the  cotton-producers.  The  profits  would  bo  thus 
not  only  equal  to  the  value  of  the  whole  crop,  but  the  enhanced  value  of  the  article  in 
its  manufactured  state  not  less  than  8380,000,000, — independent  of  the  amount  sold  to 
New  England,— or  double  the  value  of  the  raw  materia!. 

The  value  of  manufactured  products  in  the  Southern  States  in  I860  was  $150,312,682, 
to  produce  which  only  98,741  men  and  boys  and  11,309  women  and  girls  were  employed ; 
or  110,050  male  and  female  operatives,  as  manufacturers,  produced  more  than  half  the 
value  of  that  produced  by  the  1,000,000  slaves  employed  in  the  cnlture  of  cotton. 

A  man  may  earn  one  dollar  and  fifty  cents  per  day  at  his  daily  labor,  and  save  half 
of  it,  if  his  wife  and  children  will  cultivate  his  garden  and  spin  and  weave  their 
clothes.  But  another  may  earn  two  dollars  per  day,  and  be  always  in  want  and  debt, 
if  his  family  are  idle  and  extravagant.  The  same  with  the  farmer  and  the  planter:  if 
they  buy  more  than  they  sell,  or  consume  even  as  much  as  they  raise,  they  must  event- 
ually end  in  bankruptcy,  if  not  ruin ;  because,  while  they  live  within  their  means 
apparently,  their  lands  become  leas  and  less  productive,  while  their  families  become 
more  and  more  expensive. 
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The  farmer  has  coal  and  iron  on  hia  land.  Ilm  sons  can  make,  during  leisare  times, 
all  hl3  arliclca  in  the  hardware  line,  and  tiius  save  him  from  fifty  to  one  tundred  dollars 
per  annum.  IIo  can  grow  flas  and  raise  wool,  and  his  daughters  can  spin  and  weave 
most  of  hia  clothes,  snd  thua  save  from  $S0  to  $500  more. 

Thia  domestic  economy  or  induatry  applies  equally  to  nations ;  for  the  interests  of 
eommunitiea  are  identical  with  those  of  families.  When  the  imports  exceed  the  exports, 
when  gold  flows  out  of  the  country,  we  are  growing  poor;  hut  when  the  exports  esceed 
tho  imports,  and  gold  flows  into  the  country,  we  are  growing  wealthy.  During  times 
of  war  or  prohibitory  tariffs,  we  may  also  grow  rich  by  raising  and  manufacturing  all 
we  require,  by  tlie  increase  of  our  home  markets,  the  growth  of  our  domostic  products, 
the  addition  of  labor-saving  machinery  the  development  of  our  mines,  and  the  general 
appreciation  of  all  values  in  consequence  without  a  dollar  of  exports. 

The  total  value  of  our  agrieultuiol  prcdui-t?  other  than  cotton,  sugar,  and  rice,  is 
now  $3,000,000,000  annually.  Our  foreign  maikets  consume  of  thia  amount  only  tlie 
trifling  sum  of  $80,000,000,  and  often  much  less  Tet  there  are  those  who  openly  ad- 
vocate free  trade,  in  order  to  give  the  tirmpr  a  market!  who  would  break  down  a  manu- 
facturing industry,  which  consumes  over  $2  000  000  000  annually,  for  the  insignificant 
market  of  Great  Britain.  They  would  crush  the  coal  and  iron  industry  of  this  country, 
whose  total  product,  in  its  various  forms,  amounts  to  $400,000,000  annually,  90  per  eent. 
of  which  afi'ords  a  home  market  lo  our  farmers,  for  the  miserable  $20,000,000  consumed 

ir  the  year  ending  June 
1,  1860,  was  not  less  than  §1,900,000,000.  The  increase  from  1850  to  1800  was  86  per 
cent.,  and  we  may  safely  estimate  the  increase  since  at  50  per  cent.,  which  would  yield 
$2,850,000,000,  or  almost  as  much  as  the  agricultural  products.  But  this  vast  amount 
is  exclusive  of  mechanical  productions  below  the  annual  value  of  five  hundred  dollars, 
of  which  no  official  notice  is  taken  in  the  census.  Yet  these  small  amounts  are  sufficient 
to  swell  the  amount  of  our  manufactures  to  over  $3,000,000,000. 

To  produce  the  $1,900,000,000,  as  returned  by  the  census  of  1860,  nearly  1,400,000 
persons  were  employed;  and,  estimating  their  increase  at  50  per  cent.,  in  proportion  to 
thq.incrcaso  of  production,  the  number  of  operatives  now  required  is  2,100,000.  These, 
on  an  average,  support  two  and  a  half  other  persons  as  dependents,  &c.,  making  the 
whole  number  supported  by  our  manufacturing  industry  5,250,000,  exclusive  of  that 
large  class  of  "middle-mon,"  such  as  merchants,  clerks,  draymen,  railroaders,  express- 
men, and  steamboat^hands,  carpenters,  masons,  painters,  &c.  &c. 

We  may,  therefore,  estimate  that  fully  one-third  our  population  is  supported  directly, 
and  two-thirds  directly  and  indirectly,  by  manufacturing  industry,  since  it  gives  a 
market  to  two-thirds  of  our  agricultural  productions.  That  interest,  therefore,  stands 
first  in  the  political  economy  of  the  country.  Yet  there  are  those  who  consider  the 
planting  interests  of  the  South  as  productive  of  the  paramount  staples  of  the  country, 
and  would  ruin  our  manufacturers,  who  are  increasing  our  wealth,  to  foster  our  planters, 
who  are  impoverishing  the  richest  portion  of  our  country.  There  were  those  who  cried, 
"Cotton  is  king!"  a  short  time  ago;  but  they  were  not  more  mistaken  than  those  who 
cry,  "Corn  is  king  I"  to-day.  Iron  is  the  conqueror  of  nature,  the  civilizer  and  benefactor 
of  mankind,  and  without  its  wd  no  nation  can  become  wealtiiy,  prosperous,  and  powerful. 

Our  2,000,000  miners,  manufacturers,  and  mechanics,  however,  did  not  produce 
$3,000,000,000*  of  manufactured  goods  unaided :  steam  and  labor-saving  machinery 
•  Tbe  lota]  prtiduDtioD  of  the  couutr;  for  ises  is  eBllmatea  by  Dr.  Elder  at  tbo  vulne  ot  S1,S18,IHXI,€00,  be  Iha 
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gave  them  material  aBBiatanoe.  We  haye  no  means  of  ascertwning  the  amount  of 
eteam-power  emplojed  in  these  productione,  bnt  it  is  manifestly  much  less  per  head 
than  in  England. 

In  the  anthracite  coal  regions  of  PennBjlvania  the  amount  of  Bteam-power  is  equal 
to  two  horse-power  per  head,  whioh  enables  each  hand  to  produce  500  tons  of  coal  per 
annum,  or  $2500  per  head  at  present  valuation,  which  is  one  thousand  dollars  more 
than  the  average  production  of  the  country  per  capita.  The  steam-engines  of  Great 
Britain  are  stated  as  equal  to  83,635,214  horse-power,  whioh  would  give  about  three 
horse-power  to  each  inhabitant,  and,  of  course,  a  much  greater  number  per  head  to  her 
manufacturing  classes.  But  if  me  estimate  tvFO  horse-power  per  capita  as  the  maximum 
made  use  of  by  our  2,000,000  manufacturers,  we  have  a  force  equal  to  28,000,000 
strong  men,  and  capable  of  doing  much  more  work.  Yet  how  insignificant  is  this, 
when  compared  to  the  steam-power  of  England  1 

CHEAP  LABOE  m.  FREE  LABOK. 

Our  manuficturers  t,an  only  comjcte  with  Englanl  when  they  hive  prov  iel  an 
equal  steam  pjwT  to  the  hand>"  employe!  and  whpn  tl  ey  can  find  Amernan  fiee  labor 
at  English  [rices  — whi  h  we  hDpe  may  not  happen  until  the  millennium 

We  hare  tnod  chfap  labor  long  enough  in  the  South  and  have  iound  Vy  sad  ex- 
perience that  It  brings  poverty  and  ruin  instead  of  wealth  and  pros)  erity  We  had 
4  000  000  of  Blades  whnse  libcr  we  tompellpd  with  the  whi[  and  rewarded  with  the 
coarsest  of  food — lom  meil  and  Itcon^-and  the  meanest  if  dotiung  tclj  let  we 
impoverished  the  soil  helJ  the  poor  in  ignorance  and  vice  and  instPad  of  ad\anring  in 
intelligence  civilization  andisealth  tl  at  portion  of  our  country  though  naturally  the 
richest  part  of  our  continent  or  the  world  was  rclaysmg  into  barbarism 

If  wedonotprDtoctoui  labor  against  the  capital  michinery  in  1  low  prices  of  Europe, 
we  must  como  down  to  their  standard.  We  may  import  $300,000,000  of  cheap  goods;  but 
we  also  import  cheap  labor  for  our  mechanics  and  farmers,  because  we  cannot  get 
seventy-five  dollars  per  ton  for  our  iron  if  English  iron  is  selling  in  our  markets  for 
fifty  dollars  per  ton ;  and  we  cannot  make  iron  at  fifty  dollars  per  ton  if  wo  pay  our 
miners,  mechanics,  and  experts  two  dollars  per  day,  while  those  of  England  receive 
only  fifty  cents  per  day  I 

If  our  miners,  manufacturers,  and  mechanics,  who  buy  $2,000,000,000  from  our 
farmers,  work  cheap,  they  cannot  pay  high  prices  for  their  food.  Will  the  American 
farmer,  therefore,  advocate  free  trade,  in  order  to  purchase  a  few  cheap  goods,  when 
the  result  must,  in  the  nature  of  things,  force  him  to  sell  his  crops  cheap  ?  or  will  he  sacri- 
fice a  profitable  home  market  of  f2, 000, 000,000  where  free  American  labor  at  two 
dollars  per  day  is  the  buyer,  for  an  unprofitable  foreign  market  of  $80,000,000,  where 
cheap  European  labor  at  fifty  cents  per  day  is  the  only  customer  ?  But  there  is  another 
important  consideration  here.  The  foreign  markets  for  breadstufla  and  food  generally 
fluctuate  independently  of  the  regulations  of  trade,  and  depend  more  on  the  wants  of 
Europe  than  the  prices  of  food.  They  only  buy  when  short  crops  compel  them,  and 
only  come  to  us  for  that  which  the  agricultural  portions  of  the  Old  World  cannot  supply 
them.  Our  farmers  must  sell  their  wheat  in  competition  with  the  ill-paid  Calmucks  of 
the  Don,  and  labor  for  the  pittance  paid  to  the  barbaric  serfs  of  Turkey,  or  not  sell  at 
all  to  Europe, 

THE   IMPORTATION  OP   FOOD. 

Free  trade  not  only  reduces  the  price  of  our  products,  but  limits  the  markets  for  our 
agricultural  products  abroad.     The  largest  amount  of  provisions  wo  have  ever  exported 


n  by  Cookie 


590 


THE   PEACTICAL   DEVELOPMENT   OF    O0E    EESOUECES. 


is  $30,000,000  per  annnm ;  of  which  lesa  than  half  went  to  the  manufacturing  eountriea 
of  Europe.  During  the  first  ten  months  of  the  present  calendar  jear  our  imports  from 
these  manufacturing  countries  amounted  to  $186,500,000  in  gold.  At  the  Hame  ratio  of 
imports,  the  amount  for  the  year,  reduced  into  currency,  at  $1.44  for  gold,  would  he 
S322,272,00O  against  $149,328,000  of  exports,  entailing  a  loss  which  must  be  paid  for 
in  gold,  or,  worse,  in  bonds  at  five  or  six  per  cent,  interest  I  and  not  only  cause  the 
country  this  immense  loss  direct,  but  indirectly  sends  into  tJiis  country j?!.-e  times  as 
much  food  as  we  ever  sent  to  the  manafacturing  countries  of  Europe  !* 

In  this  country  our  free  labor  spends  about  one-third  to  one-half  its  earning  in  food ; 
hut  the  cheap  labor  of  Europe  spends  two-thirds  for  the  necessaries  to  sustain  life.  Now, 
nothing  can  be  more  plain  than  tJie  fact  that  two-thirds  of  our  imports  represent  jm- 
potiedfood,  minus  the  profits  which  swell  the  capital  or  permanent  wealth  of  the  foreign 
manufacturers.  Free  trade,  therefore,  diminishes  the  markets  of  our  farmers  to  this 
extent, — since  we  import  during  free-trade  tariffs  five  times  as  much  food  as  we  export, 

•The  following  exttaet  from  a  pamphlet  bj  Daniel  J.  Morrell.  Esq.,  Supeilntcndent  of  the  extenBite  Camhria 
Iron  Works,  Johnstown,  PenusylVania,  showB  the  average  conanmption  of  food  and  menufactureB  bj  the  ope- 

works.  It  teqnfres  about  forty  hands  of  a[lkioda,from  the  mines  to  the  market,  loprodiioauno  ton  of  mils:  con- 
scqiienlly,  the  cost  of  labor  at  two  dollars  per  daj  Is  $80  per  too.  Bogllsh  labor  at  the  iron  norks  commands  sbonC 
fifty  cents  per  daj:  consequently,  the  cost  per  ton  ie  only  $20.  The  EngUsh  laborer  cannot  afford  the  liiiuries  con- 
tained In  Uie  following  table.    Most  of  his  hire  Is  spent  for  food, 

tax  on  the  employer.    The  ttilloiting  table 
e  amount  of  taxes,  both  direct  and  Indirect, 
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whicli  destroys  the  home  market  of  our  farmers  to  that  eitent.  Such  are  the  rewards 
of  free  trade  and  cheap  labor.  They  drain  our  country  of  the  precious  metals ;  they 
curtail  the  markets  for  our  agricultural  productions ;  they  reduce  the  price  of  every 
production  of  labor  as  well  as  the  price  of  labor,  without  adding  one  cent  to  our  perma- 
nent wealth,  and  constantly  drain  the  resources  of  our  country ;  and  we  might  continue 
with  a  category  of  evils  ad  libitum. 

HIGH   PRICES. 

The  tendency  of  high  tariffs  and  wars  is  to  produce  highprices  and  inflat«d  values,, 
whioh  excite  the  fears  of  those  who  are  more  prudent  than  wise. 

Those  who  fear  a  fall  should  never  attempt  to  rise ;  and  those  ivho  dread  high  prices 
should  he  always  condemned  to  small  profits,  cheap  labor  and  its  results. 

We  never  can  enjoy  "good  times"  except  by  high  prices  and  protection  to  la,bor;  tho 
road  to  wealth,  prosperity,  and  power  is  through  the  busy  marts  of  a  well-paid  industry; 
while  the  road  to  crash,  crisis,  and  ruin  is  down  the  rugged  paths  of  cheap  labor  and 
low  prices. 

Protection  necessarily  brings  high  prices  at  first  Our  manufactures  have  always 
been  in  a  crippled  condition,  our  factories  idle,  our  experts  scattered,  capital  diverted, 
prior  to  every  protective  tariff  or  "  protective  war :"  consequently,  it  required  the  induce- 
ment of  high  prices  to  start  the  ruined  furnaces  and  mills,  open  the  mines  afresh,  and 
bring  back  the  labor.  But  prosperity  follows  high  prices,  and  the  demand  for  the  pro- 
ducts of  labor  increases.  Want  of  competition  then  keeps  up  these  prices ;  but,  as  the 
domestic  manufacturer  is  the  great  purchaser  of  our  agricultural  productions,  the  . 
demand  for  these  increases  in  the  same  ratio,  and  the  values,  though  high,  become 

Domestic  competition  would  in  a  reasonable  time  bring  all  values  to  a  fair  standard. 
This  is  natural ;  example  proves  it ;  and  that  such  is  the  result  let  our  cotton-manu- 
facturers, who  are  now  able  to  undersell  even  England,  testify. 

Protection  never  brings  on  the  crash,  crisis,  and  ruin  which  the  over-prudent  and 
timid  fear.  These  grand  and  frequent  climacterics  in  our  history  always  follow  free 
trade.  Would  we  have  suffered  the  crisis  of  '57  if  the  tariff  of  '42  had  not  been 
repealed  for  free  trade?  Would  we  be  in  danger  of  repudiation  now  if  the  duties  on 
imported  goods  had  been  increased  in  proportion  t*i  the  direct  tax? 

It  is  not,  therefore,  high  tariffs  or  high  prices  that  we  have  to  fear,  but  the  suddeu 
opening  of  the  flood-gates  of  free  trade,  which  overwhelms  our  domestic  industry,  aiid 
drags  down  prices  and  values  with  a  quick  and  ruinous  energy  at  the  moment  when  our 
labor  is  high. 

The  timid  capitahst.  the  prudent  merchant,  the  enterprising  manufacturer,  and.  in 
faot,  the  whole  domestic  industry  of  the  nation,  have  more  reason  to  fear  the  blunders 
and  folly  of  our  statesmen  than  the  effect  of  high  prices.  Sudden  changes  in  value 
from  the  high  prices  of  protection  to  the  low  prices  of  free  trade  should  most  be  dreaded 
by  all. 

CUI  BONO? 

But  why  should  these  ruinous  changes  be  made,  when  history,  example,  reason,  and 
all  our  best  interests  admonish  us  not  to  make  them  ? 

Political  economy  teaches  us  that  such  steps  are  from  prosperity  to  adversity,  and 
that  our  lawgivers  must  descend  from  the  sublime  to  the  ridiculous  to  accomplish  the 
fall.  It  is  a  greater  sin  to  be  a  fool  than  a  knave,  if  wilful  ignorance  bears  the  blame. 
Tf  we  vote  for  pot-hruse  politicians  with  more  "brass"  than  brains,  and  elect  the  mere 
demagogue  to  Congress  who  is  incapable  of  making  a  living  in  business  pursuits,  and 
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who  is  not  practical  enough  to  understana  the  lans  of  t  ade  iii  we  expect  him  to 
display  the  wisdom  of  Solomon  or  the  saga    ly  of  II)     e-<  f 

We  are  a  eelf-governed  people,  and  resp  na  hlf  for  our  act  ona  If  we  make  law- 
makers of  our  fools  and  babblers,  Bending  them  to  Vi  ash  ngton  aud  keep  our  business- 
men at  home,  we  must  expect  to  suffer  for  our  ign    on  t  and  want  oi   iiscernment. 

The  emigrant  who  eomes  to  this  country  does  t  ta  th  the  intent  n  of  bettering  hia 
condition.— to  save  himself  and  family  from  the  cheap  lab  r  an!  the  dependence  of 
Europe,  and  to  obtain  the  benefits  of  free  labor  ai  d  nde)  e  den  e  in  America.  Yet 
how  manj  of  them,  charmed  with  the  name  f  Den  era  y  nnd  ts  p  licy  oi  free  trade, 
cJieap  goods,  and  States'  rights,  are  cheated  by  ^  sham   an  1  mide  d   [  ea  by  their  igno- 

THB  WORKING  MAN 

It  seems  to  na  the  working-man  of  Amorica,  be  ho  native  or  foreign,  should  have  taet 
enough  to  comprehend  how  free  trade  must  necessarilj  deprive  him  of  all  the  benefit*  to 
be  derived  from  free  labor,  the  profits  of  labor,  and  the  superior  resources  of  this  country. 

The  questions  which  the  working-man  should  solve  are  these:— 

Shall  I  vote  for  free  competition  with  the  cheap  labor  and  labor-saving  machinery  of 
Europe,  and  neeesaarijy  bring  dovm  the  standard  of  my  wages  to  the  starvation  prices 
of  the  Old  World,  by  allowing  them  to  sell  their  goods  in  my  markets  in  open  competi- 
tion with  my  own?  I  iell  mj  labor  to  make  iron;  and  if  the  products  of  nij  labor  sell 
cheap,  I  must  necessarily  work  cheap.  The  English  manufaeturer  can  convey  hia  iron 
from  England  to  New  York  aa  cheap  as  ours  can  be  sent  to  the  same  point  or  to  market 
generally.  He  has  more  capital  than  my  employers  have,  and  more  machinery,  and 
can  get  as  many  hands  as  he  may  want  at  fi%  cents  per  day.  How,  it  is  clear  to  my 
mind  that  he  can  undersell  my  employer  nnleaa  I  work  for  English  prices.  Free  trade, 
therefore,  ia  dead  againat  my  best  intereals.  I  do  not  want  many  foreign  goods.  Ten 
cents  per  day  will  buy  all  the  foreign  manufactures  I  need.  It  will  be  a  bad  trade 
indeed  to  reduce  my  pay  from  two  dollars  per  day  to  the  miserable  pittance  of  fiity 
cents  in  order  to  save  forty  per  cent,  duty  on  ten  cents'  worth  of  goods. 

On  tJie  contrary,  if  I  protect  my  labor  and  prevent  my  old  taskmasters  from  selling 
iu  our  markets,  I  ahall  not  only  have  plenty  of  work  to  supply  a  growing  demand 
and  what  they  would  otherwise  sell,  but  I  ahall  have  good  wages,  because  here  I  h.ive 
part  of  the  profits  of  my  labor,  can  choose  my  own  occupation,  change  it  when  I  pleaae. 
and  enjoy  all  the  advantages  to  be  derived  from  the  superior  resouroea  of  this  magnifi- 
cent country. 

Of  what  avail  will  all  these  advantages  be,— these  productive  soils,  these  vast  fields 
of  coal  and  mountaina  of  ore,  these  wonderful  provisions  of  bountiful  Nature,  these 
blessings  of  Providence,  if  we  allow  the  nobles,  kings,  emperors,  and  all  the  other 
drones  of  the  Old  World,  who  have  devoured  the  fruita  of  the  poor  and  grown  fat  on 
the  sweat  and  tears  of  millions,  to  fill  their  oofl'ers  at  will  from  our  mineral  and  agri- 
cultural treasures,  by  their  ability  to  buy  from  us  cheap  and  sell  to  us  dear,  as  long  as 
they  can  make  slaves  of  the  working-man  and  compel  him  to  labor  for  hia  miserable 
fare  of  black  bread  and  peasant's  "blouse"? 

We  do  not  wish,  however,  to  monopolize  the  gifts  of  God.  or  to  prevent  the  oppressed 
and  poor  of  the  world  from  sharing  our  blessings,  our  comfort,  and  our  independence; 
but  we  do  most  seriously,  manfully,  resolutely  determine  that  our  brethren  in  the  Old 
Woril  ball  n  t  mak  our  wealth  the  n  ean  of  further  n  rea  ng  the  p  wer  of  their 
ttskmasters  and  u  n  n  et  —the  enen  e  of  all  free  nst  ut  ons  Tl  ev  hall  not 
drag  us   iown  t     tl     r  p  f  ful  !e  el  wl  le    n  reas  ng  the  r  o  vn  1  urdena  and  riveting 

W  e      rl  allj    nv  te  them   h    v  ver   to     on  e  t     u    an  1  si  a  e  on    1  I   rt  ea  and  our 
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happinesB;  but  they  must  leave  their  masters,  tbeir  bondage,  and  their  burdens  behind: 
we  will  have  none  of  them.  Here  there  ia  room  euough  for  the  poor  and  oppresBeJ 
of  the  world;  but  there  Is  not  space  for  one  of  its  patent  nobility.  Here  all  men  may 
aspire  to  the  highest  nobilitj  of  Nature;  but  none  can  claim  their  greatness  from  the 
prerogatives  of  blood  and  birth.  America  for  all  meu,  with  equal  rights,  equal  oppor- 
tunities, and  equal  inducements;  but  even  here,  ignorance  is  the  slave  of  intelligence. 

MIDDLE-MEN. 

These  are  the  middle  class  in  society,  s 
they  ate  simply  factors,  or  agents,  who  transact  business  b 
manufacturing  classes.     The  merchant  buys  from  the  manufacturer  and  sells  to  the 
farmer,  or  rdce  vers&. 

The  earrier  (in  ships,  cars,  boats,  or  wagons)  transports  the  products  of  both.  They 
do  not,  however,  make  their  living  so  much  by  the  amount  they  carry  as  the  price 
obtained  for  their  services.  If  their  patrons  are  poor  and  in  want  of  proStable  employ- 
ment, while  the  products  of  their  labor  are  cheap,  then  the  middle-men  will  have  little 
to  carry,  little  to  sell,  jind  small  profits.  Therefore  the  interests  of  the  producer 
directly  affect  those  of  the  merchant  and  carrier.  If  the  first  are  poor,  the  last  must 
accept  the  same  condition. 

In  like  manner,  all  those  who  conduce  to  our  intelligence,  heaith,  comfort,  and  plea- 
sure—the teacher,  the  artist,  and  the  professional  man — must  depend  on  the  ability  of 
the  producer.  If  labor  and  the  products  of  labor  are  cheap,  then  their  services  must 
be  cheap.  Yet  how  few  of  all  those  hosts  of  middle-men  (we  speak  respectfully,  with 
our  hats  off),  who  depend  for  their  living  on  labor  and  the  fruits  of  labor,  are  willing 
the  prices  of  labor !  They  live  on  the  profits  of  labor,  yet  are  ever  trying 
labor.  They  are  continually  trying  to  kill  tJie  geese  that  lay  their  golden 
What  fools  our  teachers  are!    How  silly  are  these  wise  menl    Yet  the  igno- 

nce  of  the  laborer  is  more  to  blame  than  their  ^Wy. 

The  "penny-wise,  pound-foolish"  policy  of  most  of  our  railroad  companies  is,  never- 

eless,  still  more  absurd.  Their  "dividends"  are  entirely  derived  from  the  profits  of 
iheir  transportations;  the  interest  on  their  capital  is  derived  from  traffic,  and  their 
ability  ta  buy,  of  course,  depends  on  the  price  they  receive  and  the  amount  they  caiTy. 
Bat  our  r-wlroad  men  advocate  low  prices  in  asking  the  privilege  of  importing /ooiJ  and 
heaj)  labo  n  the  haj  f  1  duty  free.  They  demand  the  means  of  levelling  labor 
nd  th     produ  ts    f  iabo      a  th  s      untry  to  the  standard  of  Europe.     They  wouW 

d         p  f    m  on    half  to  two-thirds  their  present  rates,  and,  consequently,  di- 

m  n  h  th  wn  p  tit  n  th  am  ratio.  They  have  already  sent  more  money  t»> 
England  than  w  uld  ha  be  o  q  d  to  develop  our  own  iron  industry  beyond  com- 
p  1 1!  n  and  ha  m  oin  qu  n  pa  d  twenty  per  cent,  more  for  rotten  foreign  rails 
than  superior  domestic  iron  would  have  cost  them.  But,  while  they  thus  increased 
the  cost  of  railroa^ls  and  their  equipments,  they  crippled  their  own  resources  by  bring- 
ing ruin  on  our  manufacturers,  from  whom  they  obtained  their  employmeot  as  carriers, 
and  the  farmers  consequently  burned  their  corn  as  fuel,  because  they  had  no  market 
when  the  minor,  the  manufacturer,  and  the  mechanic  had  no  work  and  no  money.  It  is^ 
therefore,  evident  that  the  free-trade  policy  advocated  by  too  many  of  our  great  railroad 
companies  has  retarded  the  development  of  the  regions  they  traverse  to  such  an  extent 
that  they  have  been  forced  to  mortgage  their  lines  to  Europe  in  the  enormous  sum  of 
$500,000,000,  on  which  they  have  paid  in  interest,  perhaps,  more  than  they  ma4e  in 
profits.  But  had  their  roads  been  built  with  American  iron,  mines,  fumaeos,  milts, 
factories,  and  farms  would  have  sprung  into  existence,  doubling  the  freight,  while  sating 
both  capital  and  interest. 
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When  low  prices  ruled,  thej  could  buy  iron  cheap;  hut,  nevertheless,  many  of 
them  went  deeper  and  deeper  into  deht  bb  long  as  they  were  governed  by  their  own 
elected  policy  of  free  trade..  But  when  high  prices  ruled,  they  paid  their  debts  and 
made  money.  Yet  so  selfish  and  ehorlrsighted  are  they  that  their  policy  leads  them  to 
carry  ten  thousand  tons  of  iron  or  coal  at  low  prices,  even  at  a  loss,  rather  than  pay  a 
high  price  for  one  ton  of  iron;  and  unless  every  railroad  charter  is  accompanied  with 
a  proviso  that  the  road  shall  he  huilt  with  American  iron,  this  class  of  men  will  he 
free-traders,  and,  of  course,  their  own  enemies. 

HOW  TO  PAY  OUR   DEBTS. 

Wo  are  saddled  now  with  an  enormous  debt,  which  is  the  direct  anii  indirect  result 

of  a  false  Political  Economy,  or  no  economy  at  all.     It  may  he  placed  i»  the  account  of 

free  trade,  and  a  great  portion  of  it  is  to  the  credit  of  our  enemies  and  rivals,  in  whose 

interests  alone  are  our  free-trade  tariffs  enacted. 


The  national  debt,  seoured  by  first  mortgage  o 

Our  corporation  debts  are  about 

Our  public  improvement  debt,  about 


r  property,  is  about  $3,000,000,000 

8,000,000,000 

500.000,000 


$6,500,000,000 

This  is  over  two  hundred  dollars  per  capita  on  each  inhabitant  of  the  country,  and 
more  than  one  thousand  dollars  to  every  productive  person;  and  these  last  must  pay  it. 
The  interest  on  thistvast  sum  muat  be  paid  annually,  and  it  must  come  from  the 
profits  of  labor,  or  not  at  all.  It  must  be  worked  out  by  the  productive  industry  of  the 
country,  and  our  farmers,  planters,  miners,  manufacturers,  and  mechanics  are  bound  to 
do  it,  since  all  other  b  an  hes  ( f  'ndustry  with  but  few  exceptions,  live  on  the  earnings 
of  tie  produotiTe    lasses  and  are  s  mply  agents  or  middle-men.     They  are  neoesaary 


3  the  value  of  productions  by  placing 
to  vns  of  New  England,  and  the  fiibrics 

But  they  produce  nothing:  therefore 
sun  e  the  debt  and  work  it  oui. 


to  the  farmer  and  the  man  ifa  tu  er   and  enh  n 
the  wheat  of  W  s    ns  n    n  the  manufa  tu 
of  the  latter  an   ng  the  f'ums  of  the  f  r. 
our  farmers  and     anufacturers  a  e  1    und 

Can  they  do  t 

Dr.  William  Elder   of  tl  e  Treas  ry  Department  Washington,  has  shown  in  th 
conclusive  manner  that  tl  ay    an  pay   t    n  twenty  vears,  oven  under  an  annual  ii 
of  wealth  less  than  tl  e  average   ncrease  dur  ng  the  ten  years  preceding  the  rebellion, 
when  our  farmers  and  manufacturers  had  but  a  slight  protection  to  their  labor. 

We  quote  from  a  pamphlet  prepared  by  Dr.  Elder,  and  issued  by  Jay  Cooke,  entitled 
"How  our  National  Debt  Can  be  Paid." 

■■  INTEREST  OF  THE  DEBT  AND  OBDINARY  EXPENSES  FOB  THE  NEXT  SIX  YEARS. 
"The  following  tabular  statement  shows  the  result  of  our  inquiry  as  to  the  ability  of 
the  Loyal  States  to  provide  for  the  interest  of  the  public  debt  and  the  ordinary  peace 
ctpenditure  unHl  the  year  1870.  (Ali  the  figures  of  the  table  express  millions  of 
dollars,  except  the  column  of  dates  and  that  of  percentages.) 
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"PATMENT  OF  THE  DEBT  IN  20  YEARS  FROM  1870. 
"It  is  assumed  that  by  the  year  1870  the  insurrectionary  States  will  be  fairly  under 
the  Federal  aoTemment,  and  in  condition  to  contribute  their  duo  dietributice  share  to 
the  rerenue  of  the  Uuion,  and  that  in  that  year  the  reduction  of  the  public  debt  may 
be  commenced.  The  following  table  shows  the  weaJth  of  the  restored  Union ;  its  annual 
product;  the  annual  interest  upon  the  debt  while  in  progress  of  eatdnguishment;  the 
percentage  of  annual  product  which  may  be  applied  in  payment  of  the  debt;  the  por- 
cent^e  of  annual  product  required  for  ordinary  peace  expenditures  (the  amount  of 
■which  is  takan  at  200  milliona  from  1870  to  1880,  and  thereafter  at  250  millions  per 
annum)  and  the  total  chirge  per  cent,  of  all  disbursements  until  the  debt  of  2750 
miUiona  shilL  be  reimbursed 

"KESOURCES  OF  THE  RESTORED  UNION.  ANNUAL  CHARGE  REQUIRED  FOR 
THE  EXTINQUrSHMENT  OF  THE  DEBT  IN  20  YEARS. 
"The  wealth  of  the  Union  in  1870  is  obtained  by  taking  that  of  the  loyal  States, 
according  to  the  rate  of  increase  for  the  10  years  before  the  rebellion,  and  adding  thereto 
25  per  cent,  for  the  wealth  of  the  rebellious  States,  instead  of  33J  per  cent,,  which  was 
their  proportion  in  past  times.  The  rate  of  increase  for  the  ensuing  years  is  calculated 
at  7i  per  cent,  per  annum,  or  lOO  per  cent,  in  10  years.  {It  will  be  recollected  that 
the  rate  before  the  rebellion  was  8J  per  cent,  per  annum,  or  126  per  cent,  in  10  years. 
The  annual  product  is  also  reduced  from  26.8  to  25  per  cent,  of  the  capital  wealth  of 
the  year.) 


MjI-UONS  or  DOLLAKS. 

™rTn™raM, 

Wealth. 

iToiiuct, 

Annual 

Intereal, 

Inlerest, 

pal,' 

Of  Peace 

OfTofsl 

30,282 
32,452 
84,777 
37,269 
39,940 
42,803 
45,870 
49,157 
52,680 
56,455 
60,564 
64,904 

74^539 
79,881 
85,606 
91,740 
98,314 
105,360 
112,910 

7,570 
8,113 
8,694 
9,317 
9,985 
10,701 
11,467 
12,289 
13,170 
14,114 
15,141 
16,226 
17,389 
18,635 
19,970 
21,401 
22,935 
24,678 
26,840 
28,227 

165 
160.1 
156,6 
150,9 
145.8 
140.3 
134.4 
128,1 
121,4 
114.1 
106,4 
98.1 

79!7 

58^5 
46,5 
38.9 
20.4 
6.9 

2,18 
1,97 
1.79 

i;46 
1,31 
1,17 
1.04 
0,92 
081 
0.70 
0.60 
0,51 
0,43 
0,35 
0,27 
0,20 
0,12 
0.07 
0,02 

2,64 
2.46 
2.30 
2.14 
2.00 
1.87 
1.74 
1.62 
1.51 
1.41 
1.65 
1.54 
1. 43 
1.84 
1.25 
1,17 
1.09 
1,01 
.95 
.88 

2,60 

2,02 
1,90 

316,2(12 

n  300,000  minion'i  pays  $3,000,000,000,  the  principal  nf  the  debt. 


ci  by  Google 


596  THE   PItACTICAL    DEV^LOPlIEJiT   OF    OUR   EESOUIICES. 

"It  must  bo  noted,  however,  that  the  figures  representing  the  percentage  of  the 
annual  product  of  the  nation's  industry  required  to  oarrj  on  the  goTernraent,  pay  the 
accruing  interest,  and  repay  the  whole  principal  of  tie  debt,  do  not  esprees  an  autual 
tajtation  upon  the  annual  product,  but  upon  a  sum  equal  to  such  product.  Much  of 
this  espenditure  may  he  home  by  export  duties,  if  adopted,  some  considerable  sliare 
by  the  proceeds  of  the  public  lands,  and  a  very  considerable  amount  will  be  raised 
from  miscellaneous  sources  which  arc  not  tases," 

These  figures  are  satisfactory  and  encouraging.  They  are  based  on  sound  data,  and 
are  estimated  helow  the  increase  of  the  past;  while  there  are  good  reasons  to  hope  that 
the  increase  of  the  future  will  he  greater  than  that  of  years  gone  by.  But  it  will  de- 
pond  on  the  protection  given  to  American  manufacturers.  If  we  open  our  ports  to  the 
trade  of  Europe,  and  admit  the  products  of  the  cheap  labor  of  the  Old  World,  the 
doctor's  figures  will  be  sadly  in  error.  If  we  continue  to  import  over  double  the 
amount  of  our  esporls,  as  we  are  now  doing,  and  pay  the  balance  in  gold  or  bonds,  we 
will  follow  the  example  of  Jeff.  Davis,  and  repudiate  our  debt  in  less  than  twenty  years, 
as  the  only  way  of  paying  it. 

OUR  FOREIGN  DEBTS. 

Our  whole  debt  is  now  about  $6,500.000,000 ;  but  of  this  amount  we  only  owe  about 
$1,000,000,000  io  "  the  Jews,"  on  which  we  must  pay  about  $60,000,000  interest  in 
gold.  This  is  an  annual  drain  on  our  resources.  It  goes  out  and  does  not  return.  But 
the  larger  amount  of  $5,500,000,000  we  owe  io  ourselves,  and  are  not  one  cent  the  poorer' 
that  we  owe  it;  the  interest  is  no  drain  on  oar  resources,  since  it  is  simply  paid  from 
me  to  you,  and  passes  from  pocket  to  pocket.  But  suppose  we  owed  the  entire  amount 
to  other  nations;  the  interest,  at  six  per  cent.,  would  bo  §390,000,000.  This,  however,  is 
not  possible.  We  could  not  owe  this  amount  abroad,  because  foreign  nations  would  not 
lend  it.  Fortunately,  they  refused  to  lend  us  a  dollar  when  we  wanted  it  most  and 
were  least  in  debt.  Now,  however,  they  are  lending  us  all  we  are  willing  to  take.  But 
on  what  terms?  They  give  us  less  than  two  dollars  in  gold  for  three  dollars  in  first- 
mortgage  bonds  on  our  property,  on  which  we  expect  to  pay  full  interest  and  return 
three  dollars  in  gold  at  the  end  of  the  terra  of  contract.  Much  of  the  money  we  have 
borrowed  from  European  capitalists  cost  us  more  than  two  for  one,  and  we  are  safe  in 
statJng  that  for  the  $500,000,000  in  Government  bonds  which  they  hold,  we  have  re- 
ceived less  than  $250,000,000,  and  most  of  it  m  goods  which  our  own  manufacturers 
could  have  produced,  and  which  were  imported  only  to  their  injury  and  at  their  ei- 
pense.  If  this  debt  is  paid  in  twenty  years,  with  an  annual  interest  of  only  five  per 
cent.,  it  will  drain  us  of  $1,000,000,000  in  gold.  But  it  must  be  remembered  that  tliis 
is  only  half  our  foreign  debt,  and  that  five  per  cent,  is  loss  than  the  average  rate  of 
interest.  Therefore  the  drain  on  our  precious  metals  will  be  over  ?100,000,000 
annually,  if  our  debts  are  to  be  paid  in  twenty  years.  The  gold  of  California  and  our 
Western  mines  will  not  afford  us  the  treasure,  at  the  present  rate  of  production;  and, 
since  free  trade  only  helps  to  drain  our  gold,  we  are  still  in  danger  of  repudiation, 
unless  we  are  protected  from  further  spoliation  by  the  cheap  labor  and  labor-saving 
machinery  of  Europe. 

What  havo  we  to  show,  what  will  we  have  to  show,  for  all  this,  when  the  time  comes  for 
payment, —perhaps  in  less  than  twenty  years?  The  "cheap  rails"  we  bought  from  Eng- 
land cost  UB,  including  interest,  more  than  double  the  price  of  domestic  rails,  while  they 
do  not  render  half  the  service.  They  were  imported  at  the  expense  of  our  own  industry, 
to  the  ruin  of  some  of  our  most  worthy  and  enterprising  citizens,  and  added  to  our  debt, 
while  crippling  our  resources.  The  greater  part  of  our  imports  of  foreign  goods  were, 
like  iron,  at  the  expense  of  our  own  manufactures.    While  we  gave  work  to  foreign 
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milla  and  faotorieg,  we  suffered  our  own  to  remain  idle,  or  forced  them  to  suspend  at  a 
great  losa;  and  moat  of  our  foreign  debt  haa  been  contracted  in  this  self-sacrificing 
manner.  We  liave,  therefore,  no  Taiue  in  return  for  our  Tast  expenditure  of  treasure. 
It  is  worae  than  a  dead  loaa;  it  entails  a  conslant  loss  t«  the  nation  in  a  yearly  drain  of 
$60,000,000  in  gold,  Had  the  money  been  expended  at  h(me  thii  large  foreign  debt 
would  now  haye  been  productive  capital,  returnmg  ten  per  cent  dmdends,  instead  of 
calling  for  six  per  cent,  interest. 

This  is  the  result  of  free  trade,  or  the  want  of  protection  to  our  own  manufacturers 
Free  trade  may  be  a  benefit  to  England,  because  her  cheap  labor  and  ^  ast  acquisition 
of  labor-saving  machinery — which  increases  the  jruduttiTe  alility  of  e^ery  operative 
bejond  the  capacity  of  one  hundred  negro  ala^ei  or  the  unassisted  lai  or  of  Jne  hundred 
atrong  men— enable  her  to  compete  with  the  world,  and   make  Tnooey  by  every  ex- 

When  we  have  arrived  at  the  same  stage  of  development,  and  our  resources  are 
utilized  with  the  same  degree  of  economy,  we  can  compete  with  England,  and  make 
money  by  the  trade;  because  our  resourcea  are  auperior ;  we  produce  the  raw  raaieiials 
and  ihe  food,  while  England  imports  a  large  amount  of  both;  and  we  can  do  this 
without  descending  to  her  standard  of  cheap  labor.  We  hope  the  day  may  be  distant 
when  our  miners,  manufacturers,  and  mechanics  will  be  forced  to  work  for  fifty  centa 
per  day. 

It  is,  therefore,  evident  that  the  only  way  to  pay  our  debts  is  to  stop  running  deeper 
into  debt,  and  give  our  people  an  opportunity  to  work  out  that  already  contracted. 

They  cannot  do  it  unless  they  have  remunerative  work ;  and  this  they  cannot  obtaiu 
aa  long  aa  we  persist  in  going  to  Europe  for  the  goods  which  they  are  anxious  to  furnish. 
We  cannot  pay  this  debt  if  we  close  our  own  mills  and  factories  and  send  their  experts 
to  the  prairies  of  the  West  to  raise  grain,  while  the  markets  for  the  products  of  the 
soil  are  cut  off  by  the  suspension  of  our  manufaetures.  By  closing  our  mills,  blowing 
out  our  furnaces,  and  stopping  our  mines,  we  atop  the  entire  productive  industry  of  the 
country.  When  the  manufacturers  cannot  buy,  the  farmer  has  no  market;  therefore 
our  productive  power  ceases,  and  onr  debts  increase. 

We  are  forced  to  this,  if  we  do  not  protect  the  labor  of  our  people  from  the  low  prices 
of  Europe.  The  free  laborers  of  America  will  not  toil  for  the  miserable  recompense  of 
fifty  cento  per  day, — we  hope  never;  and  if  they  would,  how  much  of  our  debt  could 
they  pay,  after  providing  for  their  families?  They  can  make  a  better  living  by  tilling 
the  soil  until  it  ia  exhauated,  though  no  better  use  of  their  snrplua  com  may  be  found 
than  to  burn  it  as  fuel. 

The  political  economy  of  the  United  States  ia,  therefore,  plain.  We  must  have  a  pro- 
tective tariff,  or  a  war  with  the  manufacturing  Powers  of  Europe.  The  first  is  the 
most  desirable  and  the  most  profitable ;  but  the  last  is  far  better  than  free  trade. 

OUR  DOMESTIC  DEBTS. 

If  our  foreign  debt  is  a  burden,  oar  domestic  debt  ia  the  reverae,  and  the  $2,500,000,000 
of  the  national  loan  which  still  remains  in  the  country  adds  to  our  productive  wealth, 
while  the  $500,000,000  which  has  been  exported  is  a  heavy  drain.  The  smaller  amount 
is  a  real  debt,  which  taxes  the  resources  of  the  nation;  while  the  larger  amount  is  n(.t 
a  bondjide  debt,  but  a  simple  conversion  of  the  value  of  real  estate  into  funda;  and  we 
thus  make  our  wealth  in  property  available  aa  business  oapitaL  This  is  frequently 
done  by  all  business-men  in  a  private  way;  but  individuals  could  not  make  their  notes 
current,  except  at  home,  even  though  their  wealth  in  lands  and  houses,  mines,  furnaces, 
mills,  &c.,  were  ten  times  greater  than  their  "promises  to  pay."  But  the  Government 
has  power  to  bind  the  wealth  of  the  nation  for  the  payment  of  lis  promises,  and  Uius 
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creates  from  the  dead  or  idle  wealth  of  the  people  aa  active  cash  capital,  which  ia  equal 
to  gold  in  all  parts  of  our  countrj,  and  eagerly  sought  for  in  Europe.  As  long  as  we 
hold  and  use  thia  capital,  it  really  increases  our  wealth  to  the  amount  issued,  if  within 
a  reasonable  percentage  of  the  aggregate  value  of  our  property  and  in  the  confidence 
of  the  people.  It  is  now  oue-sisth  of  the  national  wealth,  and  lesa  than  the  value  of 
our  annual  productions. 

That  which  we  aeud  abroad,  however,  heoomes  a  burdensome  debt,  unless  we  receive 
gold  at  par  for  otir  bonds  and  invest  it  in  aome  productive  business  which  will  pay  a 
profit  over  and  above  its  annual  interest.  At  the  rate  at  which  our  bonds  are  now  going 
abroad  in  exchange  for  goods,  while  our  manufacturers  are  comparativefy  idle,  we  will 
soon  find  the  greater  portion  of  it  a  direct  present  debt,  entailing  an  annual  future  loss. 
Therefore  our  national  loan  may  be  made  a  national  debt  or  a  national  cash  capital, 
according  to  the  intelligenoo  of  our  people  and  the  wisdom  of  our  statesmen. 

Jay  Cooke  has  issued  a  second  pamphlet,  showing  how  our  "national  debt  may  be 
made  a  national  blessing."    From  this  we  shall  quote  largely. 

Many  doubt  that  debts  are  blessings,  and  we  do  not  wish  to  present  the  subjeot  under 
an  unfavorable  light.  As  presented  in  the  forcible  language  of  Samuel  Wilkinson, 
Esq.,  the  arguments  are  in  opposition  to  the  prejudices  and  life-long  training  of  "pru- 
dent business-men,"  who  cannot  divest  themselves  from  their  babits  of  thought.  But 
when  we  consider  the  Govemw-eni  debt  as  a  Commonteealih  credit,  which  it  would  have 
been  if  created  without  war,  we  remove  tiie  "  beam  from  their  eye." 

As  a  r6snm6  of  many  of  the  arguments  and  facts  set  forth  in  the  present  chapter, 
our  quotations  are  appropriate  and  to  the  point.  We  do  not,  however,  present  in  full 
the  arguments  of  the  pamphlet.  We  leave  their  demonstration  to  time,  but  use  those 
only  which  are  self-evident. 


"  TIic  following  is  a  table  of  the  permanent  indebtedness  of  G      t  B   t    n  T 

KuBsia,  Austria,  and  the  United  States,  of  the  burden  of  the      t        t    f   h  d  b 

each  Government,  of  the  burden  of  the  debts  per  capita  on  th    j  p  1  t  f 
and  of  the  ratio  of  the  interest  to  the  annual  production  of  th    fi               t  f 


France  1868 
Austria  18b4 
Russia  1804 
Groat  Br  tain   1 
United  States 


$3  304  000  Ono 
1  2bS  400  000 
1  116  800  000 
4  000  918  144 
8  000  000  000 


$13-.  360  000 
7E  100  000 
27  100  000 


"  Our  -ihility  to  pay  lur  war  debt  has  bfen  dpmm  trated  bv  an  exhibit  of  the  re- 
sources of  fhe  aatim  The  lest  statists  connected  with  the  financial  department  of 
the  Govemmtnt  have  shewn  that  the  customs  revenues  of  the  ITnited  States,  the 
excise  and  mternil  taxes  our  mineral  regions  scartely  yet  opened,  our  two  millions 
of  acres  of  petroleum  wealth  our  unsold  public  lands  and  the  certain  growth  of  tiie 
country  m  p  pulalicn  and  the  equally  certain  increase  of  it'  nianufaLtures,  will  be 
EufBcient  to  discbarge  this  debt  to  the  last  dollar  w.thm  twpntvli>p  yciri  And  this 
debt  will  be  discharged,  if  the  people  bo  ordaiii.     Its  piyraent,  vr  its  ittentiun  unpaid,  is 
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a  matter  for  the  people  to  decide.  It  is  their  dett  to  discharge,  if  it  be  a  burden.  It 
is  their  debt  to  perpetuate,  if  it  bo  a  good. 

"  In  studying  these  permanent  debts,  and  discussing  the  policy  of  maintaining  them, 
or  discharging  them  by  payment,  the  mind  should  free  itself  from  the  tyranny  of  words. 
QreatBtitainisin  debt  toGreat  Britain.  Great  Britaindoes,  indeed,  oweGreat  Britain  four 
thousand  milliona  of  dollars.  The  burden  of  the  debt  crushes  the  mind  in  contemplation 
of  it.  But  its  vastness  is  not  the  measure  of  the  obligation ;  for  there  is  no  engage- 
ment on  the  part  of  the  debtor  kingdom  to  pay  the  principal  of  the  debt,  and  little  if 
any  espeotation,  and  less  desire,  on  the  part  of  its  creditor  subjecta  that  it  shall  be 
paid.  The  principal  of  the  debt,  being  thus  remoyed  from  our  educated  idea  of  a  legal 
burden,  and  of  the  necessity  to  discharge  a  pecuniary  obligation,  ceases  to  represent  Uie 
burden. 

"  The  interest  of  the  debt  only  becomes  the  measure  of  its  burden.  Great  Britain  does 
owe  to  Great  Britain,  confessedly.  $4,000,000,000.  But  practically,  and  by  consent  and 
harmonious  arrangement.  Great  Britain  owes  to  Great  Britain  only  $127,000,000  ayear. 
And  that  ia  a  very  small  debt  for  the  proprietors  and  workmen  of  the  '  workshop  of 
the  world'  to  owe  to  each  other.  Its  distributive  burden  is  but  $129.33  a  head,  which 
is  not  assessed  on  pay-day  per  capita,  but  is  justly  apportioned,  the  larger  share  upon 
the  proprietors  of  the  workshop,  and  the  smaller  and  Smallest  upon  the  artisans  and 
laborers.  This,  practically  and  financially,  is  a  fair  statement  of  the  nature  and  burden 
of  the  muoh-taikod-of  British  debt, 

"  Such,  too,  should  be  the  regard  of  our  debt.  The  United  States  will  owe,  mostly  to 
the  people  of  the  United  States,  $165,000,000  a  year.  The  burden,  nominally  $86.72 
upon  every  citizen,  and  less  than  that  of  the  British  debt,  unlike  that  of  Great  Britain, 
will  every  year  rapidly  diminish  by  the  rapid  increase  of  our  population  by  immi- 
gration and  natural  growth,  and  by  the  rapid  augmentation  of  our  wealth.  For  among 
the  other  blessings  of  our  war  will  probably  be  the  transfer  of  the  workshop  of  the 
world  from  England  to  America. 

"  The  Englishman  who  has  £20,000  in  three  per  cent,  consols  at  his  bankers,  and 
only  ten  guineas  in  liis  pocket,  and  who  gives  assent  to  a  proposal  made  to  him  to  go 
mine  for  coal  on  Vancouver's  Island,  has  got  £20,000  in  cash  to  go  into  the  operation. 
He  knows  that  positively.  The  world  knows  it.  British  consols  are  cash  capital.  This 
cannot  be  controverted.  And  the  $4,000,000,000  of  British  debt  is  national  cash  capital 
to  the  industry  and  commerce  of  Great  Britain,  For  half  a  century  this  seemingly  and 
nominally  huge  and  burdensome  debt  has  served  to  vitalize  the  manufacturing  and 
trading  genius  of  the  English  people,  and,  as  money,  has  enabled  the  British  to  do  for 
that  long  time  the  marine  carrying  for  the  world,  and  to  make  for  the  world  cloth,  iron, 
steel,  tin,  and  hardware.  This  enormous  mass  of  capital,  infused  into  the  business  of 
England  at  the  close  of  her  twenty-two  years'  war  with  the  French  Republic  and 
Empire,  almost  always  of  par  with  gold,  convertible  daily  and  hourly  into  gold, 
accepted  as  gold  in  all  transactions,  was  the  source  of  that  prodigious  development  of 
mechanical  industry  and  accumulation  of  wealth  which  so  suddenly  bore  upward  the 
English  after  the  battle  of  Waterloo  to  the  command  of  the  trade  and  finances  of  the 
globe," 

Bat  England  does  not  import  over  double  her  exports,  Sl^^  does  not  buy  twice  as 
much  as  she  sella,  and  pay  the  difference  in  bonds  at  from  five  to  aii  per  cent,  interest. 
Nor  does  she  owe  $1,000,000,000  to  other  nations.  Not  one  cent  of  her  bonds  goes  out  of 
the  hands  of  her  citizens,  if  she  can  prevent  it  by  legislation ;  and  Uiis  has  been  so 
effectually  done  that  she  is  a  lender  of  money,  instead  of  a  borrower. 

Her  intelligence  enabled  her  to  make  her  national  loan  a  national  bleaaing  instead 
of  a  debt,  and  the  industry,  thrift,  and  enterprise  of  her  people  have  made  her 
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§4,000,000,000  in  bonds  a  productive  cash  capital  whose  accumulations  have  increased 
the  principal  more  tliiiu  ten  times  since  its  creation. 

"The  Englishman's  £20,000  in  conaols  are  mortgages,  each  and  all,  upon  every 
nobleman's  estate  and  every  spinning  jenny  in  Great  Britain ;  npou  every  coal-mine 
and  every  ship ;  a  mortgage  of  record  upon  every  mug  of  beer  held  in  the  fist  of  a 
working-man  throughout  tlie  kingdom;  a  mortgage,  signed,  sealed,  acknowledged,  and 
delivered,  on  the  whole  life,  ay,  on  the  death  and  burial,  of  the  people  of  all  England. 
It  is  the  nationality  of  this  promise  to  pay,  backed  up  by  the  most  vigilant,  distrustful, 
and  thorough  system  of  taxation,  for  the  enforcement  of  which  the  whole  power  of  the 
Gafemraent,  military  and  civil,  is  pledged,  tliat  makes  British  console  the  equivalent, 
practically,  of  British  guineas ;  that  makes  the  four  thousand  million  dollars  of  British 
debt  an  addition  of  four  thousand  million  dollars  of  money  to  the  capital  the  kingdom 
otherwise  possessed  at  the  beginning  of  tliia  century, 

"  It  is  precisely  so  with  the  war  debt  of  the  United  States.  Seven-thirties  are  avail- 
able for  any  enterprise  to  wlych  unoccupied  lands,  undeveloped  mines,  unestablished 
arts,  and  unseized  commerce,  invite  Americans.  They  are  cash  capital,  literally,  abso- 
lutely, and  without  figure  of  speech.  Practically  they  are  cash  in  bank  and  cash  in  the 
pocket.  The  artificial  measures  of  their  value  which  stock  exchanges  have  succeeded 
in  instituting,  at  times,  nouynally  gave  fluctuation  to  their  worth  as  they  lie  in  the 
bureau-drawers  of  farmers.  But  in  reality  the  depreciation  of  Wall  Street  does  not 
whittle  off  the  thousandth  part  of  a  hair's-breadth  from  that  worth.  Those  farmers 
know  that  they  are  a  first  bond  and  mortgage  upon  all  the  United  States  and  on  all  the 
people  of  the  United  States,  But  whether  three  per  cent,  above  par  or  one  per  cent, 
above  par,  holders  of  this  war  debt  of  $3,000,000,000  can  any  day  and  any  hour,  from 
San  Francisco  to  New  York,  and  from  Portland  to  New  Orleans,  convert  it  into  cash. 

"Our  national  debt  should  be  held  firmly  in  place,  as  the  foundation  of  a  system  of 
diversified  national  industry,  which  shall  relieve  us  from  dependence  upon  Europe, 
shall  give  us  the  near  and  cheap  home  market  instead  of  the  distant  and  costiy  foreign 
market,  shall  double  the  profits  of  fanning  by  doubling  the  markets  for  farm-products, 
shall  swell  the  class  that  is  devoted  to  agriculture, — which  is  (he  sheet-anchor  of  demo- 
cracies,— shall  free  man  by  freeing  labor,  by  giving  it  many  markets  in  which  to  sell 
itself  to  competing  bidders. 

"  A  permanent  revenue  tariff  will  be  necessary  to  enable  us  to  pay  the  interest  of  the 
debt  and  meet  the  current  expenses  of  the  Government.  This  tariff  upon  foreign  manu- 
factures, necessary  in  iteelf,  is  also  necessary  to  sustain  the  internal  taxation  and  excise 
system  of  the  country.  It  is  a  wall  to  prevent  our  domestic  manufactures  from  being 
washed  away  by  importations.  We  can  have  no  trustworthy  and  increasing  internal 
revenue  without  we  have  permanent  protection. 

"  The  bonds  of  the  United  States,  accepted  throughout  the  United  States  as  the  highest 
security,  and  having  a  uniform  value  in  every  one  of  the  States,  are  the  only  real  and 
safe  equivalent  for  gold  and  silver,  and  the  only  available  basis  for  a  uniform  bank-note 
currency  that  shall  be  money  all  over  the  Republic.  Commerce  demands  this  uniform 
currency.  Politics  require  it.  The  money  that  is  at  once  current  in  Massachusetts  and 
Alabama,  that  has  par  value  in  Nebraska  and  South  Carolina,  in  Virginia  and  New 
York,  that  is  taken  and  passed  with  ut  ut  y  suspicion  by  the  advocates  of  slave 
labor  and  the  advocates  of  free  lab  by  st  m  st  in  the  South  and  extremists  in  the 
North,  by  the  people  of  the  two  bad  and  the  people  of  the  Mississippi  Valley, 
has  the  mission  to  wear  down  the       t    n  1  b  which  the  doctrine  of  State  rights 

and  the  partisanship  of  politics  h  f  1  [  rtcrs  of  a  century,  been  building  up 
into  fortified  cnmps  of  dividon  and  1  wa  A  1  the  uniform  national  banking  cur- 
rency will  perform  this  mission, 

"There  is  not  now  any  other  basis  for  this  currency,  nor  can  any  other  be  devised, 
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than  the  debt  of  the  whole  United  States.  The  issue  of  national  bank  notes  at  present 
is  restricted  to  $300,000,000,  and  the  States  in  rebellion  are  not  reconstructed,  and  the 
national  banking  system  has  hardly  crossed  the  Mississippi  River.  No  man  will  say 
that  that  volume  of  currency  is  enough  for  the  coming  wants  of  the  nation,  who  con- 
eiders  the  demand  for  money  to  spring  up  in  the  resurrected  and  reinvigorated  South, 
and  soon  in  the  West  and  the  far  Northwest ;  who  considers  the  prodigious  immigration 
that  began  to  pour  into  the  countrj  before  the  rebellion  grounded  arms,  and  which  will 
for  years  flood  t<i  us  from  Germany,  England,  Prance,  Ireland,  Norway,  and  Sweden ; 
who  considers  the  vast  attraction  of  manufactures  and  arts  from  Europe  to  America  by 
a  tiriET  svstem  that  promises  lasting  rewards  to  labor  in  the  midst  of  politics,  that 
crown  labor  with  freedom  and  social  equality;  who  considers  the  marrellous  deyelop- 
ment  of  industry^-mining,  manufaoturing,  and  agricultural— of  which  our  country  is 
destined  soon  to  be  the  theatre,  and  every  hour  of  every  day  of  which  will  demand  cur- 
rency as  the  machine  of  its  oichanges. 

"This  IS  not  a  hazardous  opinion  which  declares  that  in  less  than  twenty  years  our 
nationil  bank  note  circulation  will  be  one  thousand  millions  of  dollars.  Bear  in  mind 
that  there  ire  now  iu  the  United  States  thirty-five  millions  of  people,  and  that  for  the 
last  half-century  the  population  of  our  country  has  doubled  in  numbers  in  every  twenty- 
three  and  a  half  years.  The  currency  that  sixty-one  millions  of  people,  unequalled  in 
industry  and  untrammelled  in  enterprise,  will  require,  has  got  to  have  the  basis  of  a 
rational  credit.  There  is  no  other  foundation  for  it  to  stand  on  that  will  impart  to  it  at 
once  security  and  nationality. 

"  Secondly.  There  is  no  reason  to  apprehend  that  the  interest  of  the  national  debt  will 
be  burdensome  to  the  people  and  oppressive  to  the  development  of  the  resources  of  the 
country;  because,  after  legislation  has  readjusted  the  internal  taxes  and  excise,  and  re- 
remodelled  the  tariff  so  as  throw  the  weight  of  the  debt  on  luxuries  and  accumulated 
wealth,  where  it  ought  to  be  thrown,  and  made  to  rest  lightly  on  the  necessaries  of  life  and 
on  daily  labor,  it  can  almost  wholly  lighten  the  burden  by  diffusing  it,  year  after  year,  over 
alarger  population,  through  greater  production,  increased  wealth,  and  increasing  incomes. 
Time  will  effect  this,  unaided;  but  le^slation  and  associate  action  can  rapidly  hurry 
this  diminution  of  the  debt  and  of  the  weight  of  the  interest.  Organize  immigration, 
remove  to  the  United  States  the  cotton  manufacture  of  England,  bring  here  a  large  part 
of  the  silk  and  muslin  manufacture  of  France,  the  iron  make  and  the  cutlery  manu- 
facture of  Britain,  lift  up  and  bring  here  a  large  portion  of  the  mining  population  of 
Europe,  set  it  down  in  Pennsylvania,  Virginia,  and  that  further  imperial  mineral  domain 
which  extends  through  seventeen  degrees  of  longitude  and  sixteen  degrees  of  latitude,  and 
contains  an  area  of  more  than  a  million  square  miles,  literally  crammed  with  gold,  silver, 
copper,  iron,  coal,  lea,d,  tin,  salt  quicksilver  gvpium  afphaltum  and  marble,  and 
which  aafcs  only  an  amount  of  lb  Itl  iltotltpdd  C  liforaia,  to 
yield  four  hundred  millions  pef  t  f  tw    m  1      1        — g  Id       \  silver.    In 

aid  of  this  organised  immigrat  dj     t  th      mp  rt  d  t  t    m  he  it  more 

profftable  for  (he  Lyons  weave  d  th     Sp  t  Ifi  1 1        d  M      h    t        p       ers  to  take 

up  their  looms  and  weave  in  Am  th      t  f    t       wh       th  y  nd  squeeze 

through  our  custom-houses.  D  ff  th  I  d  f  th  i  t  f  d  bt  abroad  as 
well  as  at  home,  by  imposing  ptdtespopdtthtB  peh  got  to  buy 
of  us  in  spite  of  herself, — on  ootto     trbac       pet    1  um        d  V    adstuffs.     There 

will  be  international  justice  a    w  11  as  p  1 1     1  ew    my  mm       g  the  nations 

which  armed,  clothed,  and  fed  the  rebellion,  lent  it  money,  and  built,  manned,  supplied, 
and  refitted  the  corsairs  which  swept  the  commerce  of  the  United  States  for  four  years 
from  ali  seas,  to  help  to  pay  the  debt  which  they  helped  to  create.  This  summons, 
through  the  imposition  of  export  duties,  they  will  hare  to  obey.  They  can't  help  them- 
selves.    They  must  have  our  four  great  staples,  and  pay  our  price  for  them.     We  say 
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'eiport  duties,'  knowing  that  the  Constitution  of  the  United  States  forbids  them.  We 
uee  the  words  only  to  convey  an  idea,  and  because  of  their  popular  Bignifioance.  Esoiae 
duties  of  sufficient  amount  fliould  he  levied  on  tieee  staples  where  produced.  Thej 
would  carry  with  them  these  taxes  if  they  went  abroad. 

"If  they  were  consumed  at  home,  the  laws  would  see  to  it  that,  hy  suitable  drawbacks 
or  lighter  taxation  on  the  manufactured  article,  the  domestic  interests  of  tlie  country 
were  sufScJently  protected.  The  rebels,  in  copying  our  Constitution,  omitted  the  clause 
forbidding  export  duties,  intending  to  moke  England  and  France  pay  the  cost  of  their 
war,  and  the  espenae  of  establishing  and  maintaining  their  Confederacy,  out  of  taxes 
upon  the  cotton  and  tobacco  they  would  have  to  buy." 

In  regard  to  the  payment  of  the  national  debt,  it  is  pretty  certain  that  the  Govern- 
ment could  not  pay  it  now,  or  one-tenth  of  it,  even  if  they  had  the  money  to  do  it;  and 
it  may  require  something  more  than  an  offer  when  the  bonds  mature.  Nothing  less 
tlian  the  suspension  of  interest  will  induce  the  people  to  give  up  their  bonds.  They 
are  better  than  gold  to  the  laboring-man  or  the  banker,  because  they  constantly  ac- 
cumulate. But,  nevertheless,  we  do  not  advocate  any  scheme,  however  attractive, 
which  tends  to  repudiation  or  the  non-payment  of  the  principal  of  our  national  loan. 
We  think  it  highly  important  that  we  should  know  ourselves  able  and  willing  to  pay 
our  bonds  as  they  fall  due,  and  that  the  world  should  see  and  feel  our  power  not  only 
to  make  war  aucceasfully,  but  to  pay  the  costs  of  war.  If  we  provide  for  the  payment 
of  both  interest  and  principal  of  our  present  debt,  we  shall  he  able  to  raise  double  the 
amount  in  another  emergency.  But  the  simple  fact  of  our  will  and  ability  to  pay  our 
debts  will  prevent  their  accumulation  in  future. 

GOLD  vs.  NATIONAL   CURRENCY. 

Gold-or  silver  is  necessary  to  settle  the  balance  of  our  esciianges  with  foreign  nations, 
just  as  bank-notes  are  necessary  to  husiness-men.  The  value  of  gold  is  unchangeable 
and  the  same  in  all  civilized  countries.  It  flows  to  oil  manufacturing  countries  that 
export  or  sell  more  than  they  import  or  buy ;  but  it  flows  from  all  agricultural  countries 
that  import  or  buy  more  than  they  export  or  sell.  It  represents  tho  profit  of  trade  or 
commerce,  and  the  people  who  import  gold  grow  rich,  while  they  who  export  it  grow 
poor,  independent  of  the  increase  of  national  wealth  in  property. 

The  mere  accumulation  of  gold,  however,  without  investing  it  in  labor-saving 
machinery,  furnaces,  mills,  and  productive  property  generally,  would  be  of  no  more  use 
to  US  than  the  gold  of  Mexico  and  Peru  was  to  Spain. 

For  domestic  purposes  and  home  circulation  our  present  national  currency  is  more 
available  than  gold,  and,  being  secured  by  firstmortgage  bonds  on  our  property,  while 
the  issues  are  regulated  by  the  Government,  there  is  no  danger  from  suspension  and 
bankruptcy. 

Government  bonds  in  the  vault  of  the  banker  are  worth  more  to  him  than  gold,  because 
they  return  him  five  or  six  per  cent,  interest  and  are  still  security  for  his  banking  capital 
or  issue,  which  returns  as  much  profit  as  if  thoy  were  secured  by  deposits  of  gold. 

!ss-men  wlio  deal  with  the  banks  will  eventually  reap  benefit  from  this,  because 
:s  will  be  able  to  lend  their  money  at  lower  rates  and  extend  their  accommo- 
The  people  will  also  profit  from  the  increase  in  the  amount  of  capital,  because 
it  tends  to  make  money  mOre  plentiful,  and  when  money  has  a  real  instead  of  an  in- 
flated or  fictitious  value  it  can  scarcely  be  too  plentiful.  When  our  bonds  are  at  par, 
our  currency  will  be  equal  to  gold,  and  far  more  convenient. 

Gold  does  not  represent  wealth  more  than  real  estate  and  certain  kinds  of  property, 
since  productive  farms,  mines,  furnaces,  mills,  and  factories,  and  labor-saving  machinery 
generally,  arc  more  valuable  than  gold,  under  a  wise  political  economy. 
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The  issue  and  redemption  of  circulating  nntea  which  answer  a  hotter  purpose  for 
domestic  business  transactions  than  specie  i  an  he  btcurel  as  effectually  on  a  prbperty 
as  on  a  gold  basis,  provided  the  faith  of  the  Governmeut  is  pledged  to  assess  fairly  the 
wealth  of  the  nation  to  support  it  aad  secure  its  gonural  circulation  and  its  final  re- 
demption, if  so  desired. 

PrivaM  issues  of  notes  on  either  a  gold  or  property  basis  have  less  utility,  and  con- 
stantly decrease  in  value  as  they  recede  from  Uic  point  of  issue,  are  affected  by  panics, 
fluctuations  ia  values,  and  individual  bankruptcy.  But  a  national  ourreney,  secured  as 
ours  is,  provides  a  better  circulating  medium  than  gold,  or  the  issue  of  notes  by  private 
bttaks  on  the  deposits  of  gold  in  their  vaults. 

The  creation  of  bamk-notes,  therefore,  from  the  real  estate  or  fixed  wealth  of  the  peo- 
ple, as  a  cireulating  medium,  or  money,  increases  the  value  of  the  real  estate  on  which 
it  is  based,  by  giving  the  means  to  develop  its  resources,  thereby  changing  unproductive 
to  productive  property, — the  seam  of  coal  and  bed  of  ore  into  iron,  and  iron  into  rail- 
roads and  labor-saving  machinery.  These  become  more  valuable  than  gold  in  ratio  to 
cost,  because,  while  intrinaieally  valuable,  they  enable  us  to  increase  our  productiveness 
a  hundredfold.  The  hank-note  thus  becomes  the  machinery  by  which  we  develop  our 
resources,  and  is  the  first  step  towards  the  aooumulation  of  gold,  instead  of  a  result  of 

The  check  and  the  bank-note  stimulate  circulation,  giving  increased  value  to  labor 
and  the  products  of  labor ;  and  wherever  these  notes,  properly  secured,  are  most  in  use, 
there  the  inward  current  of  gold  is  most  firmly  established. 

"That  such  is  the  case  is  proved  by  the  fact  that  for  a  century  past  the  precious 
metals  have  tended  moat  to  Britain,  where  such  notes  were  most  in,  nso.  Their  use 
increases  rapidly  in  France  with  constant  increase  in  the  inward  flow  of  gold.  So  too 
does  it  in  Germany,  towards  which  the  auriferous  current  now  sets  so  steadily  that 
notes  which  are  the  representatives  of  money  arc  rapidly  taking  the  place  of  those  irre- 
deemable pieces  of  paper  by  which  the  use  of  coin  has  so  long  been  superseded. 

"Whence  flows  all  this  gold?  From  the  countries  ia  which  employments  are  not 
diversified;  from  those  in  which  there  is  little  power  of  association  and  combination; 
from  those  in  which,  therefore,  credit  has  no  esiatenco;  from  those,  finally,  which  do 
not  use  that  machinery  which  so  much  increases  the  utility  of  the  precious  metals, 
and  which  we  are  accustomed  to  designate  by  the  term  bank-note.  The  precious  metals 
go_^m  California,  frojii  Musico,  from  Peru, yroni  Brazil,  from  Turkey,  and  from  Portu- 
gal, the  lands  in  which  property  in  money  is  transferred  only  by  means  of  actual 
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delivery  of  the  coin  itself,  to  those  in  which  it  is  transferred  by  means  of  a  check  or 
note.  It  goes/rowi  the  plwas  of  Kansas,  where  notes  are  not  in  use,  to  New  York  and 
New  England,  where  they  are, /rem  Siberia  lo  St.  Petersburg, /jvim  the  banks  of  Afri- 
can rivers  lo  London  and  Liverpool  laAJrom  the  '  di co-inn's'  of  Australia  io  the  towns 
and  cities  of  Germany  wh        wjol       1  d    1  th        h     p 

"All  the  facts  exhbtdth         htthwlltedti  tht  y      mm  d  ty 

seeks  that  place  at  wl     h   t  h      th     h  eh    t     1 1  ty         d     11  th  t  d      tl  tl 

movemeat  of  tie  preo  m  t  I    p  th  t  th  y         1 1  te  pt        t    th        1 

Bank-notes  increase  th       t  lity    f  tl  t  1         d    h     11   th      f  tt      t.      d       t 

repei,  them,    Neverth  I       th    tw        t  f  th   w    Id  wh  h    1  im  h    t  t        d 

Btand  the  principles    f  ctmm  "ggd  dgtth  t 

in  the  vain  hope  of  th     by       d       g  th       se       1  t  tt      t        f  th 

produce  of  the  min       f  P  d  M  A    t    1         d  C  1  f  I     th     ca 

England  follow,  in         1    d  — S     R  b    t  P    1         t     t         b         It  d  t    by 

several  years  than  th    d    1  rat         f  war  t  I  t    g       tes  f  Im      ted  by 

Government 

"  It  is  a  pure  ibsurd  ty       d    t      d  pt        h  1       t    th    f    t  th  t  t  m    f 

policy  tends  (o  that      [1  f  th     p  m  t  1    wh    h    Iw  j  t        ilt  from 

the  long-continued  e  p    t    f  th    raw  p    d     t      f  th  th      Th      dm       t    t        th  t 

adopted  what  is  uall  df        tdw      th      amtht  m         1th      ytmf 

pelUng  the  community  to  use  gold  instead  of  notes;  and  the  result  was  found  in  the 
disappearance  from  circulation  of  coin  of  any  description  whatsoerer.  From  that  time 
to  the  present,  the  mLtfo  of  the  generally  dominant  party  of  the  Union  has  been,  'War 
t«  the  death  against  bank-notes;'  and,  with  a  view  to  promote  their  expulsion,  laws 
have  been  passed  in  yarious  States  forbidding  their  use  except  when  of  too  large  eizo 
to  enter  freely  into  the  transactions  of  the  community.  As  must,  however,  inevitably  be 
the  case,  the  tendency  to  the  loss  of  the  precious  metals  has  always  been  in  the  direct 
ratio  of  the  diminution  in  their  utility  thus  produced.  At  one  time  only  in  almost 
twenty  years  has  there  been  an  excess  import  of  those  metals ;  and  that  was  under  tbe 
tariff  of  1842.  Then  money  became  abundant  and  cheap,  because  the  policy  of  the 
country  looked  to  the  promotion  of  association  and  the  extension  of  commerce.  Now 
it  is  scarce  and  dear,  because  that  policy  limits  the  power  of  association  and  establishes 
the  supremacy  of  trade."* 


As  an  appropriate  conclusion  to  this  chapter,  we  present  a  scheme,  from  the  pen  of 
Mr.  Bannan,  to  secure  tho  results  pointed  out  as  necessary  to  the  practical  development 


It  is  aa  necessary  that  we  should  have  certainty  and  permanence  in  our  financial 
affairs  and  commprcial  relations  as  it  is  that  we  should  have  protection  to  our  domestic 
industry.  The  plans  presented  are  simple,  practical,  and  sure  to  accomplish  their 
object.  Should  the?e  propositions  be  accepted  by  Congress  and  established  as  perma- 
nent laws,  our  national  debt  will  indeed  prove  a  blessing,  and  the  development  of  our 
magnificent  resources  will  become  the  wonder  of  the  world,  and  America  the  seat  of 
liberty,  learning,  and  wealth 
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NATIO-TAL   CUBRENC^  —FOREIGN   COMMERCE. 


"In  De  ember  ISo  the  subsor  ber  Bubm  tted  a  plan  to  Coogresa  for  the  creation  of 
a  natif  nal  c  rrency  s  m  lar  to  the  one  now  establ  ahed  In  that  recommendation  ia 
embraced  a  plan  f  r  regulat  ng  tl  e  laane  ot  a  nat  onal  currency,  so  as  to  pnmdo  for 
the  futu  e  wants  of  tl  e  o  ntry  wl  ie  at  the  same  t  ne  t  would  effectuaUy  check  an 
over-issue  w  thout  any  futu  e  le^  slat  on  on  the  snbje  t  Buring  the  progress  of  the 
1-obcllion  ther  was  a  na.tu  al  repu^nanoe  to  1  m  t  ng  any  th  ng,  because  the  wants  of 
the  cou  try  we  e  u  kn  wn  1  nt  the  rebell  on  ?  n  w  over  and  this  question  is  neces- 
sarily f  reed  up  n  the     n    dorat  on  of  the  people 

"All  business-men  are  aware  of  the  great  importance  of  stability,  particularly  in 
currency  and  tariffs,  and,  in  order  to  have  this  stability,  these  ciuestions  must  be  removed 
from  legislation  as  far  as  possible.  Our  plan  obviates  the  difficulty  effectually.  We 
all  know  that  an  inflated  currency  runs  up  prices  far  beyond  their  real  value;  vrhile  a, 
contracted  currency  depreciates  all  kinds  of  values.  With  State  banks,  and  even  with 
a  national  bank,  oter-issues  could  only  he  partially  controlled,  and  the  country  was 
always  visited  with  periodical  expansions  and  contractions,  carrying  ruin  everywhere. 
Under  the  old  system,  this  could  not  be  avoided;  and  even  under  the  national-bank 
system  similar  effects  will  be  sure  to  follow  if  left  open  for  Congress  to  legislate  upon 
whenever  there  is  a  olamor  made  for  more  currency  by  speculators  and  money-changers. 

"Our  plan  is  this.  Tirst  ascertain  the  relative  value  of  property  compared  witli 
money,  so  that  the  proportionate  value  of  each  is  maintained.  This  can  he  done  by 
taking  a  period  of  prosperity,  when  there  was  no  over-trading,  and  ascertain  the  returned 
value  of  the  property  of  the  country  and  the  amount  of  currency  required  at  that  period 
to  transact  the  business.  Our  impression  is  that  it  wdl  be  found  that  for  every  $30  of 
the  returned  value  of  real  and  personal  property  thtre  ought  to  be  an  issue  of  $1  in 
currency:  this,  we  believe,  would  give  all  the  currenoy  required  We  made  an  estimate 
in  1857,  and  wo  found  that  $1  in  currency  to  feO  of  the  returned  value  of  property 
(escluding  slave  property,  which,  fortunately  for  the  country  has  ceased  to  esist)  would 
have  given  at  that  period  a  volume  of  currency  equal  to  abiut  ?400  000,000, — all  that 
was  required  at  that  time.  We  have  do  full  and  complete  data  at  hand  now,  but,  from 
the  best  information  we  could  glean,  the  present  value  of  real  and  personal  property 
would  be  in  the  neighborhood  of  $18,800,000,000.  The  issue  of  Si  for  $30  would  give 
a  volume  of  currency  equal  to  $628,000,000  in  round  numbers.  This,  we  believe,  would 
be  ample  for  a  time -of  peace.  The  relative  proportions  might  be  raised  or  lowered 
according  to  the  supposed  wants,  if  fl  to  $30  is  considered  too  high  or  too  low;  but  it 
is  important  that  it  should  be  fixed  permanently  by  Congress  as  early  aa  pMsible,  as 
after  this  year  none  but  a  national  currency  will  be  in  existence. 

"The  value  of  the  property  in  every  State  is  ascertained  every  three  years.     The 
average  annual  increase  for  the  three  past  years  is  known,  and  the  Comptroller  of  the 
Curroney  should  be  prohibited  from  issuing  charters  for  naf       1  h     k    t    ' 
rency  beyond  this  point  annually.     All  applications  for  chart  n  I        g   t      If 

each  State,  and  these  charters  granted  in  rotation  so  soon  aa  th  as  d  p    p    ty  w  11 

warrant  it.     This  plan  requires  no  further  legislation;  it  pr      1      f      th  as  d 

wants  of  the  country  as  the  business  and  property  increas  and  ff  tually  h  k 
over-issues,  over-trading,  and  wild  speculation;  and,  besides     t  g  ah  Stat      t 

proportion  of  currency  according  to  its  wealth  and  busmess,  wh  h  th  m  t  q  tabl 
mode  of  distribution, — much  better  than  any  distribution  that  can  be  flsed  upon  by 
uncertain  legislation  by  Congress, 

"The  plan  is  simple,  comprehensive,  easily  understood,  and  must  commend  itself  to 
every  thinking  businesa-man  of  the  country. 
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"  The  State  bank  currency  will  all  be  withdrawn  early  in  the  ensuing  year.  Congresa 
will,  in  all  probability  p  d  f  th  g  ad  1  funding  of  the  legal  tenders  liearicg 
interest  issued  by  Go        m     t     f      t    h  nterest-bearing  legal  tenders,  and  the 

limit  could  now  be  fl  d  h  t  wh  11  th  other  paper  issues  are  withdrawn,  the 
national  bank  issuea  will  g    d  ally  tak   th      pla<;e  up  to  the  limit. 

"After  a  reaumpti        f    p         p  ym  by  the  banks,  the  people  will,  no  lioubt, 

deeire  a  withdrawal  of  II  t  f  1  dm  nation  than  five  dollars,  and  gold  and 
ailyer  will,  of  course,  teplate  it,  whioh  would  give  ub  all  the  metallic  currency  required. 

"With  such  a  limit  to  the  issue  while  it  provides  for  all  our  future  wants  and  alt 
aectjona  of  the  country  m  prnporficn  to  its  l:usines*i  and  wtalth  it  would  inspire  great 
confidence  among  the  busmesa  community  inl  all  other  cla  ic  and  would  prove  to  bo 
the  beat  and  moat  stable  currency  in  the  world 


"Closely  connected  with  the  currency  la  our  f  jrei^n  ctmmerce  Whenever  there  are 
over-iasuos  there  are  over  importitijn><  A  well  regulated  currtn  y  would  regulate  the 
foreign  commerce  to  a  considerable  eitent  but  n  t  alUgether  In  the  two  great  com- 
mercial countries  of  England  and  Trance  the  unportationi  and  esportations  are  regu- 
lated by  the  national  hinks  which  riise  the  rate  of  nterest  when  importations  are 
esoessiTe,  and  lower  it  as  they  decrease  Here  we  1  ave  no  such  national  regulator  to 
regulate  interest  and  imfcrtation'j  In  IS'tl  Stejhen  Cclweli  Esq.,  of  Philadelphia, 
on  extensive  iron  manufacturpr  an  1  wh  perhaps  la  better  acquainted  with  the  pro- 
tective policy  in  all  its  detaila  than  any  person  now  living  suggested  the  idea  of  a 
aliding  scale,  which  we  think  is  thp  most  ludicitus  rectmrnendation  yet  made  on  this 
subject.  It  is  to  fix  a  fair  rate  of  duties  sufficiently  protective  while  they  are  not  pro- 
hibitory, and  then  to  authorize  the  Secretary  of  the  Treasury,  whenever  the  esporta- 
tions do  not  exceed  the  importations,  say  10  or  15  per  cent,  (exclusive  of  coin),  to  in- 
crease the  rates  of  duties,  say  15  per  cent.,  until  the  esportations  exceed  the  importations, 
say  10  or  15  per  cent.  This  would  take  all  legislafioa  on  the  subject  out  of  Congress, 
and  would  prove  to  be  an  effectual  check  against  excessive  importations,  and  thus  keep 
our  proportion  of  coin  in  the  country, 

"In  carrying  out  this  idea  we  would  suggest  the  following  section  to  be  added  to  the 
newly-adjusted  Tariff  Bill  that  will  be  brought  before  the  next  Congress: — 

"  'Be  it  enacted,  &c.  That,  leaving  out  of  view  both  the  export  and  import  of  gold 
and  silver,  whenever  the  exports  do  not  exceed  the  imports  in  value  fifteen  per  cent, 
during  any  fiscal  quarter  of  any  fiscal  year,  the  Secretary  of  the  Treasury  is  hereby 
authorized  and  required  to  raise  the  duty  on  the  value  of  all  articles  of  foreign  import 
(excepting  such  articles  aa  have  been  exempted  from  the  provisions  of  the  act)  10  per 
centum  within  thirty  days  after  the  expiration  of  each  and  every  fiscal  quarter  during 
which  the  exports,  as  aforesiud,  do  not  exceed  the  imports,  as  aforesaid,  fifteen  per  cent.' 

"The  same  power  ought  to  be  given  to  reduce  the  duties  also,  when  our  exportatjons 
are  excessive,  which  would  draw  from  other  countries  more  than  our  due  proportion  of 
coin,  and  thus  destroy  the  markets  abroad  for  our  products.  If,  in  after-years,  under 
the  stimulus  of  this  truly  protective  system,  our  manufacturers  should  obtain  such  a 
foothold  as  to  require  less  protection,  Congress  could  make  a  certain  percentage  of 
reduction  on  the  whole  scale  of  dutiea  to  meet  the  new  state  of  progress  in  our  manu- 
factures and  commerce  with  other  countries, 

"This  section  would  also  remove  the  tariff  question  from  further  legislation,  and 
would  give  great  confidence  and  security  for  the  investment  of  capital  in  all  branches 
of  manufacturoa. 

"The  knowledge  that  such  a  power  is  lodged  with  the  Secretary  of  the  Treasury 
would  tend  to  check  importations,  because  importers  would  wateh  the  monthly  and 
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weekly  report*  of  out  foreign  commerce,  and  govern  themselves  accordingly.  In  either 
case,  this  power,  guartJed  by  law,  could  he  tetter  exercised  hy  the  Secretary  of  the 
Treasury,  who  has  all  the  figures  in  his  poEsesaion,  than  to  trust  to  the  uncertain  legis- 
lation of  Congress  on  this  auhject.  And,  besidea,  great  fluctuations  might  oocnr  at  a 
time  when  Congress  wafl  not  in  session. 

"With  these  qaestiona  settled,  the  drain  of  coin  could  he  checked,  gold  would  rapidly 
decline  in  Talue,  and  we  would  then  gradually  descend  from  the  high  war  to  peace 
pricea;  and  when  expedient,  a  resumption  of  specie  payments  could  be  effected  without 
disturbing  the  business  of  the  country  under  the  national  currency  system.  As  all  the 
property  of  the  country  is  pledged  as  a  basis  for  our  national  currency,  and,  of  course, 
a  dollar  in  paper,  with  gold  at  par,  would  be  just  as  good  as  a  gold  dollar  when  resump- 
tion is  effected,  consequently,  there  woull  b  1  hanks  for  coin,  as 
there  would  be  if  State  institutionB  were  II  iste  wh  sues  are  based  only 
on  credit,  which  is  liable  to  sudden  fluct    t 

"With  our   currency  and  foreign  comm  th  1  t  1         a  permanent   and 

equitable  basis,  providing  for  the  futur     w     t      f    h  j   without  auy  further 

disturbing  legislation  on  these  important  q      t  try  w     Id  enter  on  a  career 

of  gradual  increasing  prosperity  and  w  1th  p  all  1  d  th  history  of  nations, 
without  any  of  the  great  drawbacks  wh    h  h  fr  q       tly     hecked  our  onward 

career  heretofore. 

"We  consider  it  the  duty  of  every  citizen  to  ^d,  as  far  as  it  is  in  his  power,  in  esta- 
blishing good  laws  and  a  good  government  in  the  ordeal  which  our  country  is  now 
passing  through  since  the  great  rebellion  is  crushed,  and  we  respectfully  submit  these 
suggestions  to  Congress  and  an  intelligent  people  for  their  consideration. 

"Since  the  above  was  written,  we  have  procured  some  valuable  statistics,  which  we 
append.  These  Btatiatica  show  that  an  issue  of  $1  in  currency  for  $30  of  the  value  of 
real  and  personal  property  would  give  ua  an  abundance  of  currency  for  all  the  wanfs 
of  the  country  in  a  time  of  peace. 

In  I860,  we  had  1562  banks,  with  a  capital  of  fi21,800,000,  in  round 

numljcra,  with  a  circulation  of 5207,102,000 

Coin,  say 50,000,000 

Total  currency $267,102,000 

"At  this  period  it  is  well  known  that  all  kinds  of  business  were  prostrated,  but  few 
improvements  were  progressing,  and  the  currency  of  the  country,  for  business  purposes, 
was  largely  dirainiahed. 

"The  returned  value  of  all  real  and  personal  property  in  1860  was  aa  foUowa;  we 
give  the  statistics  in  full,  as  they  contain  interesting  information:* — 

Total  value,  including  slaves « $16,159,616,068 

Value  of  slavaa,  at  S500  each 1,976,300,500 

Total  value,  eicluding  slaves 114,183,215,568 

Value  of  Free  States $9,325,945,881 

Loyal  Slave  States $1,631,604,580 

^^^^«'"«= ^^1-340,000   jjM^Gim 

$10,716,109,961 
Value  of  Rebel  States $5,202,166,107 

Less  value  of  slaves 1,735,060,500 

$3,467,105,607 
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Total  value  of  tie  Slitve  States ¥6,833,670,687 

Less  value  of  slaves 1,976,400,500 

Total 14,857,270,187 

"Our  limit  of  $1  in  currency  for  $30  of  property  would,  in  1880,  have  given,  on  a 
valuation  of  $14,183,315,000,  $472,773,000  in  currency,  whioh  would  have  been  ample 
for  the  country  in  a  state  of  high  prosperity  at  tbat  period, 

"After  the  commenoement  of  the  rebellion  we  have  no  complete  Btatiatica  of  circula- 
tion; but  it  is  estimated  that  the  State  bank  circulation  in  the  loyal  States,  January  1, 
1863,  was  about  $195,000,000,  independent  of  the  national  circulation. 

"The  following  shows  the  whole  iasue  up  to  October  31,  1865,  by  tbe  National  Gov- 
emnient.  National  banks,  and  the  estimated  circulation  of  the  State  banks:— 


1  and  2  years  5  per  cent   notes  $33,954,230  00        $32,954,130  00 

United  States  notes,  old  issue  392,070  00 

'■       new  iBoue  427,768,499  00 

Compound  Interest  notes   March  =  1863  15,000,000  00  15,000,000  00 

Compound  Interest  notes   June  30   1864  202,012,14100        202,012,14100 

Postal  Currency 8,084,161  64 

Fractional  Currency  ^^  17,456,603  06 

1249.966,371  00     1704,617,691  70 
Of  this   $249,966,871    interest  hearing    5f0  000,000  has   since 
been  funded,  and  llie  balance   eicept  probably  $10,000,000,  is 
hoarded,  and  not  m  circulation  as  currency    therefore  we  de- 
duct from  tha  total  issue  239,966,371  OO 

Which  leaves  in  circulation  $464,651,823  70 

National  bank  issues   Oolober  31  204,000,000  00 

Estimated  issue  of  State  banks   October  31  60.000,000  00 

Total  currency,  October  31,  1865 $728,651,328  70 

"The  statistics  show  that  the  value  of  the  property  of  the  country,  under  only  a 
moderate  dogi'ee  of  prosperity,  from  1850  to  1860,  increased  annually  at  the  rate  of 
about  8J  per  cent,  or  a  little  more  than  doubled  in  the  ten  years,  independent  of  slave 
property.  We  can  safely  estimate  that  the  actual  value  haa  increased  50  per  cent, 
within  the  last  five  years,  notwithstanding  the  destruction  by  war  in  tbe  Southern 
States,  and  without  taking  into  consideration  the  increased  values  caused  by  an  inflated 
currency.     Tiiis  would  give  tbe  value  of  tbe  real  and  personal  property  as  follows;— 

December  31,  1865.  at $18,846,188,258 

$1  currency  for  $30  in  property  would  give  currency 628,262,762 

Amount  of  present  circulation,  as  above 728,661,323 

Malting  a  reduction  of $100,388,671 

"  A  gradual  reduction  of  this  amount  of  currency  in  the  year  1866,  allowing  for  the 
annual  increase  of  property,  would  bring  ua  down  to  peace  prices,  and  would  give  us 
an  ample  currency  for  all  manufacturing  and  busineaa  purposes,  and  for  the  develop- 
ment of  our  country,  without  making  money  either  too  cheap  or  too  dear,  or  disturbing 
the  relative  value  of  property  and  money. 

"It  will  also  prepare  the  country  for  a  reauniption  of  specie  payments  after  another 
crop  of  cotton  is  raised,  without  destroying  values  or  cansing  much  disturbance  in 
money  matters,  with  the  tariff  adjusted  according  to  the  foregidng  recunimendatiuua. 
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With  the  State  bank  currency  removed,  and  all  our  currency  naliottal,  based  on  all  tho 
property  of  tbe  country,  thece  would  scarcely  be  an  ignoramtis  found  who  would  run  it 
bank  when  his  paper  dollar  is  equal  in  value  to  a  gold  dollar. 

"The  State  bank  notes  will  be  taxed  out  of  circulation  after  the  first  of  January,  no 
more  legal  tenders  wil!  be  issued  by  GoTernment,  and  Congress  will  have  to  increase 
the  Tolume  of  national  bank  currency  to  take  the  place  gradually  of  the  withdrawal 
of  State  and  national  currency.  In  doing  so,  they  can  fix  the  limit  proposed  for  the  jsaue 
of  paper  currency  in  connection  with  the  present  Goverament  currency,  on  the  basis 
proposed;  and  if  Congress  should  hereafter  provide  for  (he  gradual  funding  of  the  Gov- 
ernment issues,  the  same  law  provides  for  the  increase  of  the  national  bank  currency 
up  to  the  limit  filed.  When  the  period  for  resumption  arrives,  and  all  the  channels  ate 
gradually  filled  up  with  coin  below  one  dollar,  which  would  give  aa  additaon  of  coin  of 
about  $30,000,000;  and  eventually  below  S5,  which  would  give  coin  to  the  amount  of 
about  $120,000,000,  tho  issue  of  national  bank  currency  could  be  suspended  during 
this  process,  except  so  far  as  to  equalize  the  amount  due  to  each  State,  until  the  vacuum 
caused  by  the  withdrawal  of  fractional  currency  and  the  issue  below  $5  is  filled  up. 

"Iligh  prices,  of  course,  require  a  larger  volume  of  cun'ency  to  tiansact  the  same 
amount  of  business  than  if  prices  were  low.  But  lower  prices  would  not  affect  the  pros- 
perity of  the  country,  but  rather  increase  it,  by  the  stimulus  given  t«  industry  in  the 
increased  consumption  of  the  country ;  and,  notwithstanding  tho  clamor  of  speculators, 
Don-produoers,  money-changers,  and  shavers  in  favor  of  an  inflated  currency,  tho  great 
mass  of  the  producers  and  consumers  will  demand  a  gradual  reduction  to  a  specie  basis 
in  our  currency  as  rapidly  as  prudence  will  permit  without  deranging  values  to  too 
great  an  extent ;  and  tliis  can  be  accomplished  better  now,  with  small  stocks  on  hand, 
than  at  any  other  period.  The  recent  remarks  of  the  Secretary  of  the  Treasury  on  this 
subject  meet  the  approbation  of  the  business  community  and  the  public  generally. 

"Currency  questions  are  generally  intricate,  confound  the  minds  of  those  who  have 
not  given  much  tiiought  to  the  subject,  and  are  difficult  to  understand;  but  this  plan, 
which  covers  the  whole  ground  and  controls  the  whole  question,  is  so  simple  that  any 
legislator,  of  even  ordinary  abilities,  can  easily  comprehend  it. 

"BENJAMIN  BANNAN, 

"  PoTiaviLLE,  Novembor  10, 1885." 

Nora.— Siniw  the  ptgimilgnlion  of  llie  Report  of  ths  Hon.  FrEonuin  Clarke.  CompttoUor  of  tho  Currency  Doparl- 
ment.  it  uppenra  llial  the  uciuat  paper  drcqlaligii  of  the  oonntrj  woa,  on  llio  1st  of  October  last,  onl  j  S«0,S14,220. 
ProlHilil  J  nn  Issue  of  Si  In  currency  to  the  Talue  of  $«  of  Ihe  asaeBcd  vaino  of  tho  mil  and  poreonal  property  of 

135,  S40,  or  $i5  In  propeil;.  It  \a  abeolutely  neceasarj  to  fli  a,  Umlt  to  Inspire  confliTcnce,  sad  we  knoir  of  no 
uthor  mode  of  llmlUng  ft  so  aa  to  proiide  tbr  the  fntura  wants  of  the  country  withont  constant  logieliilion  on  this 
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CHAPTER    XXIX. 

THE    ETjABORATION    OF   IRON    AND   STEEL. 


Nothing  je  New"-Th8  Iron 

Age— Burl  J  MajiufactnimfK-An 

Bloomerj— Wafe>BtBsl— Pa 

tent  Forges— The  BlastEarnade- 

TheHsarlh-ActiouinthBi 

tlnst-Fnrnace— Improvements  In  1 

Hot-Blast  Oi-ens-'nie  Puddling  Pi-oee^-PartdlLng 

bj  MachlnHj— Tbe  Boilina 

:  Eroceta— Naimith's  Invention- 

-Thfl  Silesian  0ns  Furnace— Tlie  Wannfoetnra  of 

Bteel— Ccpaiareion  of  Bar  In 

in  to  Btcol-Steol  of  Ctementatlot 

CuEt  at«el— CemenlJns  Fuii 

lacc— The  Pneuiufltlc  Proceae— I 

leseemcv  xs.  Solly— Ihe  Bessemer  Pioccss,  na  now 

practised  In  EBglmid-HMl 

Solomon  said,  "  Nothing  ia  new,"  and  philosophy  teaches  us  the  samo ;  but  we  have 
heard  the  sajing  of  the  wise  man  tortured  into  a  different  meaning, — that  nothing 
now  exists  which  did  not  formerly  have  the  same  shape  and  character.  In  a  word,  that 
ateamahips  ploughed  the  ancient  waters  fcefore  the  daj's  of  Noah,  and  that  the  aeream 
of  the  locomotive  woke  the  echoes  of  the  antediluvian  world! 

The  "Patent  Office  Keporfs"  of  the  days  of  Methuselah  would  be  very  interesting  if 
they  existed;  but,  though  Tubal-cain  was  an  "instructor  of  every  artificer  in  hrass  and 
iron,"  it  ia  not  very  likely  that  his  d^cendants  ever  attained  to  the  perfection  of  modern 
iron-mastera.  If  they  did,  the  more  favored  posterity  of  Methuselah  and  Noah  did  not 
preserve  the  arts  and  sciences  beyond  the  building  of  the  Ark. 

The  antediluvians  could  not  have  been  adepl«  in  the  manufacture  of  iron ;  for  that 
metal  is  a  oivilizer,  nnd  we  are  told  that  the  "  earth  was  filled  with  violence,"  and  that 
the  "  imaginations"  of  men  were  "  evil  continually."  Had  they  been  indu.slrious 
manufacturers,  this  would  not  have  happened:  tliey  would  have  been  too  busy  to 
breed  mischief. 

"Bronze  or  bra=a  formed  the  principal  tools,  weapons,  and  metallio  manufactures  of 
the  early  ages  and  the  half-civiliaed  nations  of  modern  times.  Whatever  may  have 
been  the  original  significance  of  the  ancient  poetic  idea  of  a  succession  of  the  ages  of 
gold,  silver,  brass,  and  iron,  it  appears  to  have  had  a  real  as  well  as  an  allegorical 
fi<undation  in  the  world's  history.  We  appear,  in  the  literal  sense  at  least,  to  have 
fallen  emphatically  upon  the  iron  times, when  the  arts  of  life  have  rendered  that  metal 
more  valuable  even  than  gold,  and  susceptible;}?  becoming,  in  the  hands  of  the  artificer, 
many  hundredfold  more  precious,  weight  for  weight,  than  tlie  finest  gold. 

"  At  the  time  of  the  discovery  and  first  settlement  of  America,  the  natives  had  in  a 
very  few  instances  advanced  beyond  that  primitive  stage  of  civilization  in  which  the 
use  of  Inetals  was  confiaed  to  trinkets  of  gold,  silver,  and  copper,  worn  upon  the  person 
of  the  savage.  Their  most  effective  tools  and  weapons  were  sharpened  flint-stones  and 
shells,  and  they  possessed  no  other  mode  of  felling  a  tree,  or  scooping  a  canoe  from  its 
trunk,  than  by  the  application  of  fi  S  m  t  'h  s,  more  advanced,  possessed,  in  addi- 
tion to  these  rude  omamenta  and  mpl  m  nt  th  rt  of  casting  images  and  other  iigures 
in  gold  and  silver,  many  of  which  a  1 11  f  1  in  the  Macas  or  graves  of  the  races. 
Chisels,  hatchets,  and  a  few  oth  tool  d  w  pons  of  copper,  alloyed  with  tin,  ro  as 
to  cut  wood  with  facility,  were     1  1    by  th    Peruvians  and  Mexicans,  who  thus 

appear  to  have  renehod  the  braa  f        I      tion.     Although  the  woiking  of  other 

metals  thus  everywhere  preceded  tl    t  f  nd  steel,  the  use  of  these  in  tiie  arts  was 

early  known. 
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"Implements  not  only  of  copper,  ko  tempered — by  a  process  no  longer  known — as  to 
be  elastic  and  cut  granite  with  ease,  but  also  iron,  have  come  down  to  us  from  the 
Egyptians.  Of  tbc  different  nations  of  antiquity,  including  the  Greeks  and  Romans, 
who  possessed  in  considerable  perfection  the  art  of  working  iron  and  steel,  the  people 
of  Chalybia,  between  India  and  the  eouthern  shores  of  the  Black  Sea,  were  Ihe  most 
celebrated,  and  especially  excelled  in  the  manufacture  of  steel.  The  Greeks  appro- 
priated the  name  of  that  country  to  designate  steel  of  the  best  quality;  and  our  own 
Tooabulariea  still  retain  a  synonym  derived  from  that  source,  Tho  'northern  iroit' 
mentioned  by  Jeremiah,  and  the  'bright  iron'  of  Ezokiel,  in  which  tho  Tyrians  traded, 
woro  probably  the  products  of  that  country, — '  the  mother  of  iron,'  as  Scjthia  was 
called  by  a  Greek  poet-. 

"Tho  early  Britons  are  supposed  to  have  been  first  supplied  with  iron  from  the  same 
source,  and  were  pi-obably  also  taught  the  art  of  smelting  it  by  the  Phcenicians,  who 
80  early  traded  in  this  Pontic  iron,  which  they  bartered  for  the  tin  of  Britain. 

"  If  chariots  armed  with  scythes  and  spears,  broadswords,  iron  rings,  and  iron  money, 
indicate  a  knowledge  of  the  art  before  the  Koman  conquest,  an  improvement  in  the 
method  of  smelting  and  working  the  metal  was  certainly  communicated  by  the  invaders. 

"A  fabrica,  ai  great  military  forge,  was  erected  at  Bath,  near  the  well-wooded  hills  of 
Monmouthshire  and  Gloucestershire,  a.d.  120^  and  the  bed  of  iron  cinders  in  the  forest 
of  Dean,  in  the  vicinity  of  Sheffield,  and  other  parts  of  the  island  in  which  Roman 
coins  were  imbedded,  gave  evidence  of  their  early  activity  in  the  iron  manufacture. 

"The  earliest  of  these  masses  of  scorise  were  found  on  the  hill-tops,  where  the  earliest 
furnaces  were  erected,  to  obtain  stronger  currents  of  air,  which  were  admitted  through 
holes  on  all  sides.  The  rudeness  of  these  wind-furnaces  was  indicated  by  the  half- 
exhausted  state  of  the  slog. 

"  After  the  invention  of  the  bellows,  at  first  operated  by  the  hand  or  foot,  and  in  pro- 
cess of  time  by  water-power,  the  furnaces  were  built  in  the  valleys;  and  the  slag  of  the 
ancient  bloomeries  long  furnislied  a  supply  of  material  for  the  beet  iron."* 

There  are  notices  in  Homer  and  Heaiodof  the  art  of  reducing  iroMi^rof,f  or  malleable 
iron,  from  the  ores  in  the  furnace;  but  it  is  probable  that  the  Greeks  obtained  most  of 
their  iron  through  the  Phcenicians  from  the  Black  Sea  and  Laconia.  It  has  been  found 
in  the  pyramids  or  tombs  of  Egypt,  and  obtained  by  Mr.  Layard  from  the  ruins  of 
Nineveh.  Indeed,  tho  Assyrians  seem  to  have  been  well  acquainted  with  the  maou- 
faotnre  and  use  of  iron,  since  picks,  hammers,  knives,  swords,  and  saws  were  found 
among  tho  fallen  palaces  of  Nimroud. 

The  furnaces  used  at  this  early  day  were  undoubtedly  much  the  same  in  form  as  that 
represented  in  figure  176;  but  the  blast  was  probably  natural,  since  the  bellows  do  not 
appear  to  have  been  used,  judging  from  the  imperfectly-fused  scorisa  found  in  the  waste- 
heaps  of  the  ancient  furnaces.  The  Romans  used  those  wind-furnaces  or  bloomeries 
in  England  ae  late  as  120  a.d.;  and  Mungo  Park  saw  one  of  those  rude  furnaces  in 
blast  daring  his  travels  in  Africa. 

From  these  resulted  the  blast-bloomerj  or  oven  of  India,  and  the  more  recent  Catalan 
forge  still  in  use. 

The  early  modes  of  manufacturing  iron  are  still  preserved  in  barbarous  or  half- 
civilized  countries ;  and,  in  fact,  some  of  them  are  practised  even  among  ourselves  to^ay. 
The  Catalan  forge  or  bloomery,  as  often  used  in  the  monntains  of  tiie  South,  is  as 
primitive  in  style  now  as  it  was  one  thousand  years  ago;  and  the  clay  ovens  of  tho 
vinotz  manufacturers  of  India,  built  by  the  natives  at  the  present  day,  is  probably  the 
very  same  in  style  as  those  which  were  used  by  them  at  the  time  of  the  invasion  of 
Alexander;  while  it  is  a  uniform  process  from  the  Himalaya  Blountains  to  Cape  Comorin. 
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"The  furnace  or  Llooincrj  in  which  the  wootz  oies  are  emelted  is  from  four  to  Ets 
foet  high ;  it  is  somewhat  pear-shaped,  beiDg  about  two  feet  wide  at  the  hottom  and  <me 
foot  at  the  top )  it  is  built  entirely  of  eiay,  so  that  a  couple  of  men  can  finish  its  erection 
ia  a  few  hours,  and  have  it  ready  for  use  the  nest  day.  There  is  on  opening  in  front 
about  a  foot  in  height,  which  is  built  up  with  clay  at  the  cumnaenoement  and  broken 
down  at  the  end  of  each  operation.  The  bellows  are  usually  made  of  goat's  skin,  which 
has  been  stripped  from  the  animal  without  ripping  open  the  part  covering  the  belly. 
The  apertures  at  the  legs  are  tied  up,  and  a  nozale  of  bamboo  is  fastened  in  the  opening 
formed  by  the  neck.  The  orifice  of  the  tail  is  enlarged  and  distended  by  two  slips  of 
bamboo.  These  are  grasped  in  the  hand,  and  kept  close  together  in  making  the  stroke 
for  the  blast;  in  the  returning  stroke  they  ate  opened  to  admit  the  air.  By  working  a 
bellows  of  tiis  kind  with  eaoh  hand,  making  alternate  strokes,  a  pretty  uniform  blast 
is  produced.  The  nozzles  of  the  bellows  are  inserted  in  tubes  of  clay,  which  pass  into 
the  bottom-comers  of  the  temporary  wall  in  front.  The  furnace  is  filled  with  charcoal, 
and  a  lighted  coal  being  introduced  before  the  nozales,  the  mass  in  the  interior  is  soon 
kindled, 

"As  soon  as  this  is  accomplished,  a  small  portion  of  the  ore,  previously  moistened 
with  water,  to  prevent  it  from  running  through  the  charcoal,  but  without  any  flus 
whatever,  is  laid  on  the  top  of  the  coal,  and  covered  with  charcoal  to  fill  up  the  furnace. 

"In  this  manner  ore  and  fuel  is  supplied,  and  the  bellows  are  urged  for  three  or  four 
hours,  when  the  process  is  stopped;  the  temporary  wall  in  front  being  broken  down, 
the  bloom  is  removed  by  a  pair  of  tongs  from  the  bottom  of  the  furnace.  It  is  then 
beaten  with  a  wooden  mallet,  to  separate  as  much  of  the  scoriw  as  possible  from  it,  and, 
while  still  red-hot,  it  is  out  through  the  middle,  but  not  separated,  in  order  merely  to 
show  the  quality  of  the  interior  of  the  mass.  In  tiis  state  it  is  sold  to  the  blacksmiths, 
who  make  it  into  bar  Hon.  The  proportion  of  such  iron  mode  from  100  parts  of  ore  is 
about  15  parts."* 

From  this  iron  the  celebrated  wootz  steel  is  made  by  the  natives  of  India  in  a  manner 
equally  rude  and  primitive.  But  their  production  has  no  superior,  if  it  ia  equalled,  and 
for  the  purpose  of  fine  cutlery  it  is  infinitely  superior  to  tlie  best  English  cast  steel. 

The  Damascus  blades,  so  renowned  even  in  the  Middle  Agos,  and  still  so  much  soughi 
for  by  military  men,  are  produced  from  ingots,  like  those  of  wootz,  which  come  from 
Golconda.     They  are  small  and  oblong,  and  when  cut  in  two  form  two  swords. 

The  blast-furnace  for  the  production  of  pig  iron  does  not  seem  to  be  of  ancient  inven- 
tion. Tliough  the  air  or  wind  furnaces  of  the  early  Britons  produced  cinder  in  abun- 
dance, and  perhaps  as  full  of  iron  as  the  scoria)  of  wootz,  the  iron  obtained  from  both 
was  malleable.  It  does  not  appear  where  or  when  the  blast-furnace  was  first  made  use 
of;  hut  the  frequent  irregularity  of  the  ancient  forges  or  the  present  bloomery  mould 
naturally  suggest  the  use  of  cast  iron  for  many  uses,  since  it  often  happens  that  those 
forges  become  deranged  through  the  change  of  workmen,  ores,  or  some  other  cause,  and 
"potrmetal"  is  produced,  which,  of  course,  may  be  cast  in  almost  any  form  by  remeltmg, 
and  can  only  be  reduced  to  wrought  iron  by  reheating,  and  the  process  used  m 
bioomeries  to  reduce  pig  iron  to  bar.  This,  however,  is  not  tbe  invariable  result  of 
"  green  hands"  or  derangement.  Sometimes  nothing  but  a  mass  of  cinder  or  "  burned 
iron"  is  produced,  of  no  value. 

Whatever  might  have  been  Uie  ancient  mode  of  producing  iron, — by  the  woota  oven, 
the  wind-furnace,  the  Oorsican  hearth,  or  the  Cntalonian  forge,  the  forges  allemandes  of 
the  French,  or  the  Stttek-ofen  of  the  Germans,— the  mode  most  general  in  use  duviuK 
the  modern  ages  and  up  to  the  present  time,  for  the  production  of  wrought  iron  dircut 
from  the  ore,  is  that  of  the  Catalan  forge,  and  improvements  on  the  same. 

■  Dr.  Ure's  DiclionaiJ  of  AiH,  Mauufiictmea,  ami  MiLes. 
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mingled  with  wood  of  beech  and  chestnut,  or  about  40  per  cent,  from  rich  ores  con- 
taining 60  to  70  per  cent,  metallic  iron. 

The  yield  of  the  Catalan  forge  is  onich  greater  from  the  same  amount  and  character 
of  ores,  with  less  labor  and  fuel.  Two  men  attend  each  forge,  and  prodm*  four  to  live 
hundred  pounds  per  day,  with  an  equal  amount  of  charcoal,  and  double  the  amount— 
or  eight  to  ten  hundredweight — of  rich  magnetic  ores. 

With  good  hematite  ore,  of  about  50  per  cent,  average  yield,  a  good  blast  and  fair 
charcoal,  two  good  workmen  wiil  produce  four  hundred  pounds  of  iron  per  day;  but 
their  average  production  will  be  about  300  pounds. 

The  common  Catalan  forge,  or  bloomery  in  general  use,  is  usually  a  rude  structure  of 
coarse  masonry,  built  without  any  regard  to  the  economy  of  fuel,  ore,  or  labor.  If 
properly  built,  and  operated  by  careful  workmen,  double  the  usual  results  might  be 
produced. 

As  before  stated,  the  exact  date  of  the  discovery  of  the  nse  of  cast  i 
definitely  fixed.     According  to  Dr.  Percy,  the  first  cannons  of  cast  iro: 
factuted  in  Susses,  in  England,  by  Ralph  Hogge,  in  1543.     But  Hogge  v 
a  Frenchman  named  Pet«r  Baude,  who,  it  appears,  bad  learned  the  b 
cast  iron  in  France,    Hogge,  assisted  by  one  of  his  servants,— Johnson  by  n 
wards  made  eannon  of  6000  pounds  weight. 

Agricola,  who  died  in  1555,  wrote  that  "iron,  smelted  from  iron-stone,  is  easily 
fusible,  and  can  be  tapped  off." 

The  eleration  of  the  bloomery  inta  the  blast-furnace  appears  to  have  been  first  ac- 
complished in  England.  It  was  probably  in  the  early  part  of  the  sixteenth  century. 
Mushet,  however,  concludes  that  the  old  blast-furnaees  of  the  forest  of  Dean  were  erected 
in  1550. 

Up  to  1621,  charcoal  was  used  exclusively  in  the  blast-furnace.  But  about  this  date 
Lord  Dudley  obtained  a  patent  for  smelting  iron  with  mineral  fuel.  It  was  not,  how- 
ever, much  used  until  the  discovery  of  its  conversion  io  coke  in  1730-36,  when  Abraham 
Darley,  of  Colebrook  Dale,  first  used  coke  with  success  in  the  blast-fumace.     But  in 


)n  cannot  be 

,s  assisted  by 
■t  of  producing 


ab,Google 


614 


THE    ELAB011ATI<)>i    OF    IliOX    AND    STEEL, 


1740  daring  the  change  from  charcoal  to  coke,  the  production  of  the  Engliali  furnaces 
fell  from  180,000  to  17.500  tons  pei'  annum. 

The  best  yield  of  an  improved  and  -n-ell-built  bJast-furnace,  using  charcoal  with  hot- 
blast,  is  oae  ton  of  pig  metal  to  every  three  corda  of  wood  or  120  bushels  of  cliaccoal. 


duce  a  ton  of  i 


n  mnnj  instances  where  ten  to  tiiirteen  cords  of  wood  wei-e  used  to  pro- 
~ )  Southeiu  blast-furnace,  and  one  instance  whote  thirty/ 


dl 


In  the  first  case,  where  120  bnshela  of  charcoal  are  produced  from  three  cords  of  wooci, 
tlie  charring  or  "  coaling"  is  dune  in  kiins,  and  40  bushels  ol  coal  produced  from  one 
cord  of  wood ;  but  in  the  second  the  coaling  is  done  in  open  "  charcoal  pits,"  in  which 
an  average  production  of  33  bushels  per  cord  is  considered  a  good  yield,  particularly 
when  a  limited  number  of  "pits"  can  be  coaled  on  the  same  "hearth." 

This  expenditure  of  fuel  is  simply  in  the  production  of  pig  metal;  to  reduce  it  to 
bar  iron  nearly  a  third  more  coal  is  consumed  than  in  the  elaboration  of  the  pig.  That 
is,  if  120  bushels  produce  one  ton  of  cast  metal,  it  will  require  180  bushels  to  convert 
the  metal  to  malleable  iron  under  the  same  degree  of  improvement.  But  if  it  requires 
333  bushels  of  charcoal  to  produce  a  ton  of  metal  in  the  rude  mountain-furnaces,  it 
generally  requires  500  bushels  to  elaborate  the  meta!  into  bars  under  the  same  rude 
style  of  manufacture. 

Under  these  ciroumaianees,  the  improved  Catalan  forgo  is  equal  to  the  blast-furnace. 
But  as  improvements 'in  the  blast-furnace  are  now  far  in  advance  of  tbo  ancient  forge, 
and  likely  to  remain  so,  any  comparison  must  be  unfavorable  to  the  latter,  escept  in 
peculiar  localities. 


■ni!!''ttii'TioN.— o  la  a  "lonp,"  or  bloom  of  Iron  forming  under  the  blast  of  lbs  tujersi  fi  <9  the  cinder 
tlirougli  hniBB  prniided  rathtr  above  tbe  bed  of  tlia  lonp ;  c  la  the  tujers,  tliimigii  or  in  wliiuli  llie  aoiA 
blnst-pipB  conveys  the  blast  to  Uie  Learlli ;  d  ia  tlie  "  boot,"  or  ItatHet  pipe  to  wMcli  Uie  nozila  is  altad 

Hie  hearth  In  ivhlch  the  ioup  I 
bottom  is  filled  with  eiiaroial  dust,  or  brasqne,  in  which  the  1 

Ihthes  aoep  to  the  bed  of  the  Ioup,  and  from  16  to  IS  Inclie 
Bbove  is  Bupeilor  lii  finieh  and  style  (o  those  in  general  use. 


It  the  bottom.    Tlie  forgo  i 
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The  production  of  iron  involves  sciontiflo  questions  of  great  and  atisorbiag  import- 
ance; but  it  is  scarcely  possible  for  a.  pure  philosopher,  inexperienced  in  the  art  of 
elaborating  the  metals,  to  render  much  aaaistance  to  the  improvemcut  of  their  mana- 
faoture.  Nor  is  it  likely  that  the  merely  practical  can  add  to  our  knowledge  in  this  art, 
except  by  accident.  Intelligenoo  and  experience  are  both  required  in  this  most  im- 
portant branch  of  industrial  skill,  not  for  the  purposes  of  invention  and  improvement 
only,  but  to  conduct  successfully  the  elaboration  of  the  metal  from  the  ore.  Espori- 
ments  in  the  manufacture  of  iron  ai-e  costly,  and  ruinous  in  the  event  of  failure.  Even 
the  most  practical  and  intelligent  hisitate  ia  adopt  theories,  though  ever  so  plausible 
and  promising,  because  the  risk  is  great  and  the  danger  of  failure  imminent,  though  the 
principle  involved  may  be  correct. 

For  instonce :  fie  ptinumatic  mode  of  decarbonizing  pig  metal,  or  the  conversion  of 
CMt  iron  into  steel,  was  at  first  considered  a  failure ;  and  in  this  country,  whore  the 
invention  appears  to  have  been  first  made,  there  was  neither  intelligence  nor  confi- 
dence enough  to  appreciate  its  merits.  It  is  now,  however,  an  established  fact ;  asid  the 
probability  is  that  the  success  of  the  invention  will  force  us  to  pay  tribute  to  the  intelli- 
gence of  England,  as  we  have  done  in  the  past. 

Yet  there  is  as  much  room  and  opportunity  for  improvement  in  the  production  of 
iron  direct  from  the  ore  as  in  the  elaboration  of  iron  and  steel  from  the  pig.  The  pro- 
cess in  common  use  has  been  hut  little  improved  since  the  Middle  Ages.  The  moun- 
tain-forge of  to-day  is  much  the  same  as  it  was  five  hundred  years  ago  in  Catalonia.  We 
can  see  the  opening  for  improvement,— the  principle  which  requires  development ;  but 
tlie  mechanical  difficulties  liave  not  jet  been  overcome. 

The  treatment  of  the  ores  in  the  Catalan  lorge  involves— first,  their  deoxidization,  and 
second,  their  reduction,  or  conversion  to  iron. 

The  ore  is  first  selected  in  the  mine  or  quarry.  All  ailicious  and  earthy  portions  are 
rejected ;  and  it  often  happens  that  there  is  more  rejected  than  selected,— though  the 
refuse  may  be  good  ordinary  ore  and  fit  for  use  in  the  blast-furnace.  The  picked  ore 
is  then  laid  in  kilns,  or  large  pyramidal  piles,  intermixed  with  brush,  logs,  or  charcoal 
brasque,  and  "  roasted"  for  several  days.  This  torrefaction  of  the  ores  expels  the  moist- 
ure, and,  to  some  extent,  whatever  sulphur  or  phosphorus  it  may  contain,  and  reduces 
it  to  a  friable,  crumbling  mass,  which  is  readily  pulverized  Ijy  hand  with  a  large,  fiat 
hammer  or  by  machinery.  It  Is  always  reduced  to  a  powder  before  admittance  to  tlie 
hearth,  in  our  mountain-forges ;  but  in  some  parts  of  Europe  the  roasted  ore,  in  small 
particles,  is  laid  in  the  "  crusd"  or  hearth,  opposite  the  tuyers,  and  on  the  bottom  of  the 
hearth.  We  have  never  seen  this  practised  here.  Our  forge-hands  fill  the  heartli  with 
charcoal,  and  when  fully  ignited  the  coal  is  covered  with  pulverized  ore,  which  is  thrown 
on  with  a  peculiar  flirt,  so  as  to  scatter  it  evenly  over  the  glowing  fire.  Coal  and  ore  are 
constantly  added  for  about  two  hours,  or  until  a  loup  is  formed  in  the  hearth.  This  is 
then  manipulated  and  tried  by  the  tools  of  tlie  workman,  and  the  cinder  let  off,  when 
above  its  face.  In  from  three  to  four  hours  &e  loup  of  iron  and  scorist  acquires  the 
proper  size.  The  blast  is  then  shut  off,  and  tlie  ball  drawn  out  of  the  hearth.  It  is 
generally  held  on  its  edge  and  pounded  with  a  wooden  maul,  to  partially  drain  off  the 
oinder,  before  it  is  taken  to  the  trip-hammer.  Here  the  loup  is  dexterously  handled  by 
the  hammer-man  until  it  is  drawn  to  an  oblong  and  square- sided  "bloom"  of  about 
two  hundred  pounds  weight.  The- forge-man  is  generally  his  own  hammer-man,  and 
when  the  iron  is  sold  in  the  shape  of  blooms  this  part  of  the  operation  occupies  but  a 
small  part  of  his  time.  But  when  the  bloom  is  drawn  into  horse-shoe  bars  the  work  is 
laborious,  though  the  production  is  not  materially  altered  in  either  case,  since  the  ope- 
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raiion  of  deoxidizing  the  ores  is  processing  during  tlie  hammering  process.  Wliile  keep- 
ing the  forge-fire  iu  full  blast  for  the  purpose  of  reheating  the  bars  drawn  from  the 
bloom,  pulverized  ore  is  frequentlj  sprinkled  over  the  mass  of  glowing  charcoal.  This 
answers  a  double  purpose :  first,  it  produces  a  protecting  coat  of  silicious  and  fluid  mat- 
ter, which  prevents  the  bar  from  burning,  and,  second,  the  ore  is  being  prepared  t*>  form 
the  next  loup.  Therefore,  but  a  comparatively  small  amount  of  time  ia  lost  during  the 
reheating  and  hammering  process,  as  the  common  forges  are  operated. 


■tepa  tsvarda  tba  reducllou  heut 


IMPROVED  FOKGE    4ND   BLOOMEKY. 

Ihfgh       p         td  tl       nl  nstruction,  and  is  a  combination  of 

Iwllk        npce  Th      hfftu       f  the  Catalan  forge  is  preserved, —  . 

It        tl      h        h   wh    hd  tdfF      mhfom  the  hearth  of  the  blast-furnace; 

b      1  hd        d       g        pfmdmjhth    same  aa  in  the  blast-furnace,  by  tho 

a^t    h     t  wh    h         p  tl         mm      f   g 

This  forge  is  double,  and  contains  not  only  two  hearths,  but  a  reheating  apartment, 
so  that  three  sets  of  men  can  operate  at  the  same  time.  The  escape-heat  from  the 
liloomery  also  passes  through  the  deosidizers,  and  helps  to  sustain  the  heat  in  the 
hearths. 

The  ores  toing  thoroughly  deoiidized  descend  to  the  hearth  ready  for  fusion  before 
Iho  blast,  and  hero  the  heat  is  very  great  and  the  reduction  rapid.  Cinder  is  allowed 
U)  partially  cover  the  loup;  and  while  the  ore  is  constantly  added  to  the  glowing  mass 
above,  the  iron  aa  constantly  adds  to  the  loup  in  the  bottom  of  the  hearth. 

When  the  ioups  are  withdrawn,  they  are  turned  over  to  the  hammer-men  and  rc- 
hcatere,  who  convert  them  into  blooms,  and  reheat  and  draw  them  into  bars,  while  tho 
forge-men  continue  the  production  of  Ioups.  By  this  process,  ten  Ioups,  of  two  hun- 
dred pounds  each,  can  bo  produced  by  each  hearth  in  teu  hours,  or  from  four  to  five 
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i  pounds  of  iron  can  he  produced  per  day  by  one  of  these  improved  forges  and 
bloomeries  with  ton  hands;  while  the  saving  in  fuel  is  much  greater  in  proportion  than 
the  saving  of  labor. 

In  the  common  Catalan  forge,  100  pounds  of  iron  from  50  bushels  of  charcoal  is  con- 
eidered  a  good  yield:  it  oftea  happens  that  double  this  amount  is  used  in  carelessly- 
constructed  forges.  In  the  improved  forge,  from  15  to  20  bushels  of  charcoal  will  pro- 
duce 100  pounds  of  iron;  while  from  three  to  five  cords  of  dry  wood,  according  to  the 
state  of  the  weather  and  the  condition  of  the  furnace,  are  sufEcient  for  reheating  purposes. 

Mineral  coal  of  any  character,  provided  it  burns  well,  answers  the  purpose  of  wood 
for  reheating,  and  a  pure  coke  or  anthracite  coal  may  be  used  in  the  hearth;  but  char- 
coal is  preferred  if  good  iron  is  required. 

These  forges  are  much  less  costly  than  blast-furnaces  and  rolling-mills  for  the  pro- 
duction of  bar  iron;  but  they  can  be  recommended  only  in  localities  where  a  small 
amount  of  capital  only  can  be  profitably  expended,  and  where  rich  ores  may  be  obtained, 
eince  no  other  kind  can  be  successfully  used.  Magnetic  osides  and  pure  hematites,  or 
specular  ores,  are  generally  made  use  of.  Lean  or  silieious  ores,  unleas  separated  from 
their  impurities,  will  not  produce  good  iron  in  the  Catalan  forgo. 

WATER-BLAST. 
When  water  is  abundant,  and  the  head  and  fall  are  of  proper  height,  this  is  an  effect- 
ive and  cheap  mode  of  obtaining  a  small  blast;  but  it  is  necessarily  weak,  and  a  high 
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presaure  cannot  be  obtained  with  eeonomv.  For  the  rude  Catalan  forge,  where  only  a 
limited  blaat  is  i-equired,  and  where  the  expenditure  of  capital  is  alfio  limited,  perhapa 
tliia  mode  is  the  best  that  can  be  adopted,  since  its  construeticn  is  eimple  and  at  a  cost 
of  a  few  dollars  only,  and  it  is  not  liable  to  get  out  of  order,  Bi,it  when  water  is  scarce 
or  a  strong  blast  required,  the  power  can  be  economized  by  almost  any  style  of  blowing 
machinery. 

The  Catalan  forge  requires  a  blast  of  about  one  pound  to  the  square  inch.  The  com- 
mon fan-blower  will  not  produce  this  force  of  air;  but  most  of  the  improved  ones  will, 
and,  for  the  purpose  of  producing  blast  for  such  small  operations  as  the  mountain-forges 
geuerally  are,  no  expenditure  of  power  can  be  more  effeotiTe.  For  the  impix>Yed  forge 
this  mode  can  also  be  recommended,  since  the  air-pressure  required  is  not  greater  than 
one  pound  to  the  square  inch. 

PATENT  FORGES  AND  FURNACES. 

A  great  many  patents  have  been  granted  in  this  country  and  Europe  for  the  produc- 
tion of  wrought  or  bar  iron  direct  from  the  ore,  but  none  of  them  have  obtained  popu- 
larity. The  principle  on  which  all  these  patent  modes  are  based  is  the  deosidization 
of  the  ores  by  the  waste  heat  from  the  hearth  where  the  ores  are  reduced. 

The  Harvey  patent  in  this  country  is  as  near  perfection  as  any  other  with  which  we 
arc  familiar,  and  differs  from  the  improved  forge  and  bloomery,  illustrated  in  figure  178, 
chiefly  in  having  a  puddling  hearth  in  place  of  a  Catalan  hearth,  in  which  to  convert 
the  ores  to  metal  by  the  puddling  process. 

Good  iron  can  be  produced  at  reasonable  expense  in  this  furnace,  but  rich  ores  are 
required,  and  the  quantity  of  fuel  and  labor  ia  greater  in  proportion  to  the  iron  pro- 
duced in  General  Harvey's  furnace  than  in  the  blast-furnace,  and  the  subsequent  elabo- 
ration of  the  pig  in  the  puddling  and  roiling  processes. 

If  the  same  ores  are  used  in  the  blast-furnace,  of  course  the  yield  will  bo  in  propor- 
tion to  the  richness.  The  only  real  advantage  we  can  discern  in  the  Harvey  patent  is 
in  the  application  of  the  fuel.  Using  rich  ores,  good  iron  can  be  produced  with  almost 
any  kind  of  fuel  capable  of  producing  a  strong  heat, — for  instance,  pinc-kuots,  charcoal, 
coke,  bitum-inous  coal,  or  anthracite,  and  perhaps  hard,  dry  woods.  But  in  the  blast- 
furnace superior  iron  can  be  produced  only  with  pure  fuel,  and  the  best  only  with  char- 
coal. In  this  respect,  the  improved  forge  and  bloomery,  illustrated  in  figure  178,  has 
perhaps  less  merits  than  the  Hfirvey  fi»maco;  but  the  rapidity  and  simplicity  of  the 
operation  in  the  former  entitle  it  to  equal  consideration.  In  regard  to  economy,  how- 
ever, neither  can  compete  with  the  modes  now  generally  in  use;  that  is,  by  means  of 
the  blast-furnace  and  subsequent  puddling  process,  with  rolling-mills  for  the  elaboration 
of  the  bar  from  the  pig. 

As  before  o))served,  these  furnaces-  can  only  be  used  economically  under  peculiar 
circumstances  for  the  production  of  superior  iron  when  charcoal  cannot  be  obtained  for 
the  purpose.  Yet  we  think  it  possible  that  the  principle  involved  is  susceptible  of  great 
improvement,  and  that  a  more  economical  mode  may  be  developed  by  nioclmnica! 
ingenuity,  and  the  wonderful  effects  of  the  application  of  fiiel  by  the  Siemen's  process 
— a  comparatively  recent  invention— seem  to  point  out  the  means;  hut,  as  noJtiier 
space  nor  inclination  will  permit  us  to  indulge  in  theories,  we  must  leave  this  matter 
to  fiio  development  of  time. 
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THE  BLAST-FURNACE. 


In  our  impi'ovcii  chiircoal  hot-blasfc  furnaees  three  cords  of  dry  oak  or  pitch-pino  wood 
will  produce  a  ton  of  pig  metal;  but  in  the  euld-blast  furnace,  with  the  same  degree  of 
perfection  in  meohanicnl  cousttuction,  and  the  same  sktli  in  conducting  the  operations, 
five  cords  of  wood  are  required  to  produce  the  ton  of  inm. 

In  France,  whore  great  eoonomy  is  practised  in  the  use  of  fuel,  one  ton  of  charcoal 
produces  a  ton  of  pig  iron;  while  two  tons,  or  double  the  amount,  of  charcoal  are  re- 
quired to  elaborate  the  pig  metal  into  bar  iron, — requiring,  thus,  three  tons  of  charcoal 
to  each  ton  of  merchant  bar. 

The  proportion  is  rather  less  when  mineral  coals  are  used.  Two  tons  of  coal — mostly 
bituminous — or  coko  are  used  to  the  ten  of  pigs  produced;  while  only  three  tons,  or  one- 
third  more,  are  used  to  elaborate  the  pig  metal  into  bar  iron,  being  fire  tons  to  pro<iuce 
the  merchant  bar  from  the  ore. 

But  in  the  ordinary  charcoal  blast-furaaces,  taking  theavorage  of  auch  in  the  Southern 
Slates,  for  instance,  the  production  of  iron  is  much 

less  to  the  amount  of  fuel  used.     The  best  yield  we  ^">-  ^^O. 

know  of  in  Virginia  and  Alabama  is  about  one  ton 

of  pig  iron  to  five   cords  of  wood;   but,  since  the  .  . 

charring  is  done  there  in  open  pits,  not  more  than  / 

thirty-three  bushels  of  charcoal  ia  obtained  from  a  y      i^  ^  , 

oord,  or  165  bushels  from  the  five  cords  of  wood  ">      »•        •   ** 

used.     This,  however,  is  the  most  favorable  result:  '   ■      ■ 

we  have  seen  thirty  cords  of  wood  used  to  produce  a  ,      i      ' 

ton  of  pig  metal  in  Alabama;  but  from  eight  to  ten  i  ^ 

cords  to  the  ton  of  iron  produced  ia  about  the  average,  I   '     f 

To  reduce  the  pig  metal  to  bar,  not  leas  than  tea  ad-  i        V  -       if 

ditional  cords  are  used.     Therefore,  to  produce  bar  ^     i  i 

iron  from  the  ore,  by  the  process  of  blast-furnace 
and  bloomcry,  not  less  than  an  average  of  eighteen 
to  twenty  cords  of  wood,  or  about  sis  hundred 
bushels  of  charcoal,  per  ton  of  bar  iron  produced,  is 
required;  which  is  double  tlie  quantity  used  in  our 
improved  furnaces,  or  in  the  furnaces  of  France,  and 
considerable  more  than  is  used  in  the  improved 
forges  for  producing  iron  direct  from  the  ore. 


Figure  180  represents  the  interior  of  the  blast-  desoiuei 
furnace.  The  form  is  that  which  is  general  where  ^"^'i  "'  "■ 
anthracite  coal  is  used  as  a  fuel.  The  height  and  li'J^Jj'^'^'- 
diameter  of  these  anthracite  furnaces  vary  con- 
siderably. The  most  available  dimensions  are  twenty  feet  diameter  above  the  "boshra," 
by  fifty  to  sixty  feet  in  height.  The  dimensions  and  form  of  the  hearth  are  matters  on 
which  hut  few  "founders"  agree.  There  can  be  no  doubt,  however,  in  regard  to  the  two 
most  important  considerations;  first,  the  hearth  should  never  be  too  wide  to  admit  the 
passage  of  the  blast  to  its  centre;  and  second,  it  should  always  be  deep  enough  to  pre- 
vent the  exposure  of  the  fluid  metal  to  the  action  of  the  blast.  In  a  furnace  of  twenty 
feet  bosh,  the  hearth  should  not  be  less  than  five  nor  more  than  seven  feet  deep. 


ci  by  Google 


620  THE   ELABORATION   OF   IRON    AND    STEEL. 

The  form,  of  flie  heirth  we  th'ik  of  more  imp  rtance  tliiia  is  generally  iiecreditfid  to 
thia  item  in  tlic  e  nstruct    n    f  furua^-ti 

Figure    181   repreaeiita   the   general   form   of 
hearth  irhich  answers  the  best  purpose  in  prac- 
tieil  operati  >n.   It  ia  not  important,  however,  that 
it  BJ!  uld  be  precisely  like  the  diagram,  since  it 
1  e   parallel,  elliptic,   or   oblong,  with  the 
rH  rounded  in  oil  coses.     In  a  furnace  of 
ty  feet  bosh,  thia  hearth  should  be  from  2  ti) 
^    i  i.t  wide,  and  from  10  to  12  fept  long.    The 

BiPLAHiiioN— a  t  nd  r  run  b  tsnii  or  fcottom  of  the  boshes  should  conform,  uf  course^ 
to  the  general  form  of  the  hearth. 

The  advantages  of  this  style  of  hearth  are  >!everal:  tlie  blast  penetrates  beyond  the 
centre,  and  may  lie  made  to  reach  nearly  to  the  opposite  side;  the  tuycrs  enter  from 
opposite  sides  the  entire  length  of  the  hearth,  and  the  blast  is  evenly  distributed;  there 
is  less  danger  from  "  scaffolding,"  and  the  burden  comes  down  more  regularly. 

The  height  of  the  boshes  will  depend  on  their  slope.  An  inclination  or  angle  of  75° 
to  80°  may  be  used  in  anthracite  furnaces;  but  in  coke,  bituminous  coal,  or  charcoal 
furnaces,  the  angle  ranges  from  45°  to  75".  The  walls  or  body  of  the  furnace  reach  from 
the  top  of  the  boshes  to  the  bottom  of  the  flues.  The  height  of  this  portion  depends  on 
the  depth  of  the  hearth,  the  elope  of  the  boshes,  and  the  position  of  the  flues.  In  ftimaces 
of  this  siie,  about  SO  feet  is  the  common  elevation  of  the  body  from  the  boshes  to  the 
flues,  or  from  one-third  to  one-half  the  height  of  anthracite  stacks  generally.  In  all 
old  furnaces  the  walls  inclined  from  the  boshes  to  the  throat,  or  the  body  had  the  form 
of  a  b  ttl  the  neck  answering  to  the  form  of  the  throat,  with  a  gradual  decrease  in 
d  ameter  f  m  about  the  middle  to  tlie  top.  But  in  all  well-built  and  successful  anthra- 
t  ani  pe  haps  we  might  include  all  kinds  of  furnaces,  the  body  is  of  nearly  equal 
d    meter  f   m  the  boshes  to  the  flues,  or  with  but  a  slight  decrease  towards  the  top. 

The  flu  a  are  distributed  around  the  top  of  the  furnace,  between  the  body  and  the 
mo  th  Tl  whole  space  may  be  denominated  the  "throat,"  though  that  term  is  gene- 
rally applied  to  the  mouth  or  head.  The  height  of  this  portion  is  from  8  to  10  feet;  and 
in  this  distance  the  diameter  decreases  from  18  or  19  feet  to  6  feet.  This  part  of  modem 
furnaces  has  an  important  part  to  perform  in  the  operations  of  smelting.  The  increase 
in  diameter  from  the  throat  or  head  to  the  flues  admits  of  the  espansion  of  the  materials 
or  charges,  which  are  thrown  in  cold,  and  their  enlargement  between  these  points  is 
considerable ;  while  the  decrease  in  diameter  from  the  body  to  the  throat  acts  as  a  check 
to  the  ascending  gases,  and  diverts  them  through  the  flues  to  the  steam-boilers  and  hot- 
fur  chamber, — aided,  however,  by  the  draft  through  the  hot-blast  chimney. 

The  principal  gas  which  escapes  from  blast-fumaoea  is  carbonic  oside,  which  is  com- 
posed of  one  equivalent  of  carbon  and  one  of  oxygen.  This  gas,  when  combined  with 
a  certain  amount  of  wr,  burns  with  great  heat,  and  furnishes  a  sufficiency  of  caloric  to 
steam  for  the  operation  of  the  blowing-machinery,  and  to  heat  the  air  thrown 
the  furnace  from  600°  to  1500°  of  temperature,  according  to  the  mechanical  arrange- 
ment of  the  hot-blast  oven. 

The  blaatrfumace  on  a  grand  scale  is  worthy  of  admiration,  and  is  one  of  the  most 
magnificent  spectacles  offered  by  our  industry ;  and,  while  simple  in  appearance,  its 
successful  and  economical  operation  demands,  perhaps,  more  experience  and  intelligence 
than  any  other  pursuit  of  man,  if  we  consider  the  progressive  development  of  the 
principles  involved  and  the  improvements  desirable  and  perhaps  attainable. 
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SMELTING   OPERATIONS. 

The  proper  mixture  of  the  ores,  coal,  and  fluX,  depends  on  the  quality  of  the  materials 

nsed.     If  the  ore  is  rich  and  pure,  and  the  coal  free  ft^im  slate,  hone,  and  sulphur,  only 

a  comparatively  small  omoont  of  flux  is  required.    But  if  tie  ores  are  refractoi?  and 

eiliciouB  and  the  coal  indifferent,  a  larger  amount  of  hoth  coal  and  flus  is  necessary. 

With  a  hurden  of  magnetic  and  hematitic  ores,  yielding  an  averse  of  fifty  per  cent, 
of  metallic  iron,  two  tons  of  ordinary  anthracite  and  one  and  a  half  of  flux  or  lime- 
stone are  required  in  the  generality  of  onr  anthracite  furnaces.  In  a  few  instances  from 
two  tons  and  a  quarter  to  two  tons  and  a  half  of  coal  are  used;  hut  there  are  furnaces 
on  the  Hudson  in  which  less  than  one  ton  and  a  half  of  anthracite  is  used  to  the  ton  of 
pig  produced,  with  about  the  same  proportions  of  ore. 

We  have  assisted  in  the  management  of  a  fumaee  using  hematitic  ores  alone,  hut 
from  various  locaHties  and  with  a  small  percentage  of  manganiferous  hematites,  in 
which  one  ton  and  a  quarter  of  antiiracito  produced  a  ton  of  pig  iron  as  an  average  of 
six  months'  operation. 

The  secret  of  this  difference  in  the  amount  of  fuel  used  does  not  lie  in  the  character 
of  the  ore  or  the  purity  of  the  coal  alone,  but  in  the  construction  and  operation  of 
the  furnace,  as  well  as  in  tiie  items  of  coal  and  ore.  An  admisture  of  ores  even  of  one 
class,  though  from  several  localities,  reduces  tiie  quantity  of  flux  and  economizes  the 
cost  of  reduction ;  hut  a  small  quantity  of  manganese  or  manganiferous  ores  not  only 
eaTes  flux  and  fnel,  hut  improves  tiie  maie  of  iron. 

A  careful  selection  of  tiie  coal  used  is  also  an  important  item.  The  hest  coal  used 
in  our  anthracite  furnaces  contains  ten  per  cent,  of  silicious  matter,  and  much  of  it  not 
less  than  fifteen  per  cent,  of  incombustible  impurities.  The  bone  and  slate  not  only  will 
not  burn,  hut  they  require  an  equal  amount  of  carbon  to  reduce  them  to  a  fluid  state, 
and  the  same  equivalent  of  lime  to  flus  them.  Therefore  ten  per  cent,  of  impurity  in 
coal  &dds  thirty  por  cent,  to  the  quantity  of  coal  and  lime  required.  It  would  be  better 
to  take  the  time  necessary  to  examine  the  coal  and  separate  it  from  the  bone  and  slate, 
as  far  as  possible,  than  to  feed  it  to  the  furnace  as  it  comes  from  the  mines. 

The  larger  the  amount  of  earthy  or  silicious  matter  the  coal,  ores,  and  limestones 
contain,  the  greater  will  be  tiie  amount  of  flux  and  fuel  required. 

In  regard  to  the  construction  of  the  furnace  there  are  several  important  objects  to  be 
wroed  at  The  hearth  should  be  deep  enough  and  large  enough  to  hold  the  metal  for 
twelve  hours,  or  a  Sxed  period,  beneath  a  protecting  cover  of  fluid  cinder,  and  below  the 
direct  influence  of  the  blast;  but  it  should  not  be  so  deep  as  to  allow  the  "melting 
zone"  to  fall  helow  the  tuyer  on  running  out  the  metal  at  "casting."  Nor  should  the 
size  of  the  hearth  be  so  great  as  to  prevent  a  blast  of  five  pounds'  pressure  per  square 
inch  from  reaching  beyond  its  centre.  In  order  to  meet  all  these  requirements,  on 
oblong  hearth  is  most  desirable ;  and,  to  allow  of  the  prepared  burden  coming  freely  and 
regularly  to  the  melting  zone,  the  lower  part  of  the  boshes  should  also  have  an  oblong 
shape  to  conform  to  the  style  of  the  hearth. 

The  body  of  the  furnace  should  he  as  large  and  capacious  as  possible  to  be  in  uni- 
formity with  the  bosh  and  the  flues.  It  does  not  seem  desirable  that  ite  dimensions  should 
increase  above  the  boshes,  because  it  is  supposed  that  the  expansion  of  the  materials 
only  reaches  the  maximum  at  tiiat  point,  and  the  regular  descent  of  Ihe  charges  and 
ascension  of  the  gases  depend  on  Uie  open  condition  of  the  mass  and  its  freedom  from 
all  liability  to  jam  from  expansion  or  from  contraotion  of  area  ot  tiie  body  of  the  fur- 
nace. The  greatest  expansion  takes  place  between  the  throat  and  the  flues,  hut  the 
heat  does  not  increase  in  proportion  below  tiiat  point  until  the  boshes  ore  reached;  and 
the  expansion  cannot  be  great  below  the  flues.  Yot  for  the  free  descent  of  the  ores  it  is 
supposed  that  tiie  body  should  increase  slighfly  m  diameter  from  the  fluas  to  the  top  of 
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Traran,  an  eminent  English  Touader  and  engineer,  argues  strongly  that  the  best  form 
of  furnace  is  that  of  a  gradual  increase  in  diameter  from  t!io  hoartli  to  tlie  throat.  His 
experience  entitles  liis  opinions  to  respect;  hut  we  have  not  heard  that  his  views  have 
been  pi-aeticallj  deraonatrated,  though  experiments  were  in  progress  over  ten  years  ago 
hy  Mr.  Coieman,  of  the  North  Lebanon  furnaces,  ivbo  erected  a  stack  on  Truran's  plan. 
It  did  not.  however,  produce  sueeesSfui  results ;  but  wo  are  informed  the  difficulty  was 
not  in  the  stack  or  plan,  but  in  some  minor  details  of  blast  and  machinery. 

The  benefits  arising  from  a  large  area  in  the  upper  part  of  tlic  boshes  and  the  body 
of  the  furnace  are  several.  It  admits  of  the  ready  escape  of  the  produels  of  eombus- 
tion  by  affording  space  for  their  ascent,  and  an  opea  condition  of  the  burden  to  admit  a 
free  passage. 

The  longer  the  mass  of  ores  are  exposed  to  the  escaping  heat  and  carbon,  the  longer 
will  they  be  subject  to  torrefaction,  oxidization,  and  carbonization,  and,  consequently, 
the  better  prepared  on  arriving  at  tlie  point  of  fusion  to  be  reduced  or  sepainted  from 
their  earthy  impurities. 

!Pruran  says  there  should  be  no  escape  or  ir^te  of  carbon ;  that  it  should  be  entirely 
taken  up  by  the  ores  in  the  body  of  the  furnace,  and  that  the  gases  which  now  escape 
or  are  used  under  the  boilers  and  in  the  hot-blast  oven  really  constitute  "  waste  heat," 
and  could  be  put  to  a  better  purpOBC  in  preparing  the  ore  than  in  generating  steam  or 
heating  tlic  blast. 

It  seems  probable  that  such  a  consummation  would  produce  eoonom.ieal  results;  but 
the  difficulty  lies  in  the  application  and  mechanical  construction  of  the  furnace.  T!io 
■  common  theory  is  that  the  escaping  carbon  unites  with  the  oxides  of  the  ores  and  forma 
carbonic  oxide.  It  does  not  appear,  however,  that  the  carbon  of  combustion  unites 
with  the  oxides  of  the  ores  for  their  espulsion.  It  may  espel  the  oxide  by  taking  its 
place,  thus  forming  a  carbide  of  iron.  If  it  ncccsEiirily  unites  with  the  osido  in 
order  to  deoxidize  the  ore,  we  cannot  understand  why  tlie  quantity  of  oxygon  should  ba 
diminished  by  the  process,  since  the  carbonic  acid  of  combustion  is  changed  to  carbonic 
oxide  in  ascending  tlirough  the  furnace. 

In  tlie  economy  of  combustion  the  fixed  carbon  of  coal  is  not  consumed  or  destroyed, 
but  reduced  from  a  solid  to  a  vapor  or  gas,  in  combination  with  the  oxygen  of  the  blafit, 
forming  carbonic  acid,  which  consists  of  one  equivalent  of  carbon  and  two  of  oxygen. 
In  passing  up  the  furnace,  through  the  coals,  this  carbonic  acid  loses  part  of  its  oxygen 
and  becomes  carbonic  oxide.  It  is,  therefore,  impossible  that  the  vapors  of  combustion 
should  affect  the  deosidization,  since  the  volume  of  oxygen  is  reduced  instead  of  in- 
creased in  ascending  tbrongb  the  furnace.  The  coal,  therefore,  which  comes  in  contact 
with  the  ores  must  absorb  the  oxide  of  the  latter,  while  the  ores  absorb  part  of  the 
carbon  of  the  former,  and  both  are  thus  improved  thereby.  The  coal  is  better  prepared 
for  combustion,  and  the  ores  for  reduction. 

We  do  not  protend  to  be  experts  in  the  science  of  chemistry,  and  our  arguments  may  bo 
foUaoious;  but  such  appears  tonsfobe  thsoperations  going  on  in  the  body  of  Iho  furnace. 

The  carbon  of  the  coal,  expanded  by  heat  to  many  hundred  times  its  original  bulk, 
and  the  entire  amount  of  air  thrown  into  the  furnace  by  the  blast,  also  vastly  expanded, 
must  escape  in  vapor;  but  neither  the  one  nor  tho  other  is  destroyed.  Tbey  return 
again  to  the  earth  and  the  air  through  the  chemical  agencies  of  nature,  which  operate 
constantly.     Heat  rarefies  them,  but  cold  condenses  them. 

It  would  appear,  therefore,  that  the  greater  the  mass  of  coal  and  ore  through  which 
tho  "waste  heat"  of  fumacra  is  diffused,  and  the  longer  they  remain  in  contact,  the 
greater  wiil  be  the  quantity  of  oxide  extracted,  and  the  greater  the  quantity  of  carbon 
absorbed  by  the  ore.  But  it  is  not  probable  that  tho  vapor  of  carbon — arising  from 
the  combustion  of  coal  before  the  blast — should  carbonize  tho  ores  or  unite  with  their 
oxides   in   our   proi-ent  blast-furnaces,  since   c.irb;in,  in  combination  with  oxygen  or 
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hydrogen,  can  be  reduced  from  a  vapor  to  a  solid  only  by  intense  cold  or  great  pressure, 
or  both  combined.  The  vapor  of  combustion  in  ascending  through  the  furnace  changes 
from  carbonic  acid  to  carbonic  oxide,  and  must  lose  a  portion  of  its  osygen  in  the  prn- 
ceaa.  If  it  took  up  the  oxides  of  the  ores,  this  could  not  happen,  since  the  volume  of 
osygen  would  be  inereosed;  but,  on  the  contrary,  we  find  it  decreased. 

Combustion  does  not  take  place  above  the  zone  of  fusion,  or  beyond  the  direct  in- 
fluence of  tJie  blast,  in  amelting-furnaoea,  and  thi.s  region  cannot  extend  much  above  tlie 
hearth.  The  product  of  this  zone  is  earbonio  acid  gas,  which  extinguishes  combustion; 
therefore  neither  the  carbon  of  the  coal  nor  the  oxide  of  the  ore  can  be  consumed  or 
vaporized  when  in  contact  with  this  gas ;  and,  since  it  arises  immediately  from  the  Eone 
of  fusion,  these  processes  cannot  go  on  esccpt  when  under  the  direftt  influence  of  the 
blast.  Therefore  tho  ores  which  are  not  deoxidized  by  the  coal  must  bo  deoxidized  at 
the  ospense  of  the  burning  carbon  at  the  point  of  fusion. 

But  carbon  will  absorb  oxygen  when  in  contact  under  a  certain  degree  of  heat,  even 
when  combustion  cannot  take  place;  and  if  pnlveriaed  charcoal  or  anthracite  and  iron 
ores  are  mixed  in  a  close  vessel,  and  subjected  to  a  strong  heat,  the  carbon  will  absorb 
the  oxide  of  the  ores,  while  the  ores  will  absorb  a  portion  of  the  carbon  of  the  coal. 

TVe  all  know  that  pure  iron,  which  contains  no  osygen,  will  absorb  carbon  and  be- 
come steel  when  packed  in  the  cementing  furnace  with  charcoal  dust,  and  snbjeotfld  to 
a  strong  heat,  though  air  is  carefully  excluded  from  the  cementing  chest. 

These  facta  demonstrate  that  the  deoxidization  and  carbonization  of  the  ores  in  the 
blast-furnace  are  the  result  of  contact  with  coal  under  a  high  temperature ;  but  they  also 
produce  conclusive  evidence  that  these  processes  furnish  but  little  of  the  "waste  beat,"  so 
called,  or  the  gases  escaping  from  the  blast-furnace.  Tho  vapors  of  combustion,  arising 
from  tlie  zone  of  fusion,  and  produced  by  the  osygen  of  the  blast  and  the  carbon  of  the 
coal,  produce  all  or  most  of  the  gas  which  we  call  "waste  heat,"  and  furnish  the  means 
of  propelling  the  blast^ngines,  and  adding  caloric  to  the  air  thrown  into  the  furnace. 
These  vapors  must  escape,  and  though  much  of  the  caloric  they  carry  off  may  be  re- 
tained by  Truran's  suggestions,  and  employed  in  the  torrefaotion  of  the  ores  and  the 
increase  of  temperature  in  the  body  of  the  furnace,  tho  volume  of  gas  would  not  thereby 
be  diminished.  Tho  equivalents  of  carbon  and  osygen  might  be  slightly  changed,  but 
tlie  gases  which  we  utilize  now  so  successfully  would  still  escape,  even  though  the  flues 
woi'o  comparatively  cold.* 

The  benefit  arising  from  an  enlarged  area  in  the  body  of  the  furnace  is,  therefore,  due 
to  the  longer  period  given  for  the  preparation  of  the  ore,  and  perhaps  we  may  add,  the  coal. 

When  the  coal  and  ores  are  fed  into  the  furnace  in  large  masses,  as  at  present  prac- 
tised, the  period  required  for  full  deoxidization  and  carbonization  is  much  longer  than 
the  rapid  consumption  of  the  charges  will  allow,  and  tho  ores  arrive  at  the  point  of 
fusion  only  partially  prepared  for  reduction.  At  this  point  the  deoxidization  can  take 
place  only  at  the  expense  of  both  oxygen  and  carbon,  or  blast  and  coal. 

If  allowed  to  remiun  longer  in  contact,  the  coal  would  absorb  a  larger  quantity  of  tlio 

oxides  of  the  ore,  and  the  ore  would  extract  a  larger  quantity  of  the  carbon  of  the  coal. 

Tho  extraction  of  the  oxides  fi-om  and  the  addition  of  carbon  to  the  ores  prepares 

them  for  rapid  reduction  with  but  a  small  amount  of  caloric;  while  the  absorption  of 

the  oxides  of  the  ore  by  the  carbon  of  the  coal  prepares  the  latter  for  combustion  on 
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arriving  at  the  point  of  fusion,  aod  diniinislies  the  quiintitj  of  air  required  othetwise 
for  tliat  purpose. 

ACTION  WITHIN  THE  BLAST -FURNACE— FUSION. 

The  contents  in  iho  hoghea  and  near  the  heartii,  being  raised  to  an  intense  heat  by 
the  combustion  of  the  fuel,  aro  reduced  to  a  pastj  condition ;  the  limeBtone  parts  witJi 
its  oarboHio  acid  some  distance  above  its  point  of  fusion,  but  the  lime  ia  more  readily 
fused  than  the  ore,  and  commences  to  flow  earlier  than  the  earthy  ingredients  of  the 
ore;  with  these,  however,  it  combines,  aids  their  fusioii,  and  forms  with  them  a  liquid 
slag  or  cinder.  This  flows  from  the  lower  part  of  tlie  boshes  to  the  hearth,  while  the 
oxidized  ore,  partially  free  from  its  silicious  or  earthy  parts,  on  arriving  before  the 
blast  is.  reduced  to  a  liquid  metal  and  falls  through  the  cinder  in  drops  or  smoO  streams. 
Any  remaining  earthy  matter  is  taken  up  by  the  flux  during  the  passage  of  tho  iron 
through  it.  The  metal,  being  heavy,  remains  in  the  bottom  of  the  heartli,  while  the 
flux  or  slag,  being  lighter,  floats  on  the  top  of  the  iron. 

The  cinder  is  allowed  tfl  flow  almost  constantly  from  the  lop  of  the  hearth,  while  tho 
meta!  is  tapped  off  occasionally,  or  about  once  every  twelve  hours. 

The  slag  indicates  by  its  appearance  the  manner  in  which  the  furnace  is  working. 
Thus,  if  the  cinder  is  liquid,  nearly  transparent,  or  of  a  liglit-grayish  color,  and  haa  a 
fracture  lilte  limestone,  a  favorable  state  of  the  furnace  is  indicated.  Tints  of  yellow, 
blue,  or  green  show  that  the  furnace  is  working  cold.  A  deep  brown  or  black  color 
indicates  that  the  supply  of  fuel  is  not  sufficient  to  deoKidiee  the  ore,  or  that  the  ore  and 
coal  have  not  been  in  contact  a  sufficient  length  of  time  for  the  purposes  of  deosidiza- 
tion  and  carbonization. 

THE   ECONOMY   OF   SMELTING. 

Instead  of  altering  the  form  and  increasing  the  body  of  the  furnace,  a  better  plan  ia 
to  prepare  the  ore  for  a  more  rapid  and  complete  deoiidization  and  carbonization;  and 
this  nan  be  done  with  much  economy  by  a  simple  process. 

The  objection  to  an  increase  in  the  height  of  stacks,  to  the  increase  in  area,  and  the 
pulverization  of  the  materials  used,  is  the  strangulation  of  tlie  draft,  or  the  obstruc- 
tion to  the  free  escape  of  the  vapors  of  combustion ;  but  this  is  provided  for,  while  the 
preparation  is  completed  by  the  following  process : — 

Ail  ores  should  be  torrefled  in  kilns  before  going  into  the  furnace ;  and  this  can  be 
done  at  a  very  trifling  expense  with  the  waste  coal  of  the  anthracite  mines,  if  proper 
provisions  are  made  for  the  purpose.  The  cost  of  this  operation  in  kilns  with  waste 
coal  is  not  over  ten  cents  per  ton,  while  that  of  torrefaction  in  the  furnace,  by  our  pre- 
sent process,  is  not  less  tlian  one  dollar  per  ton  of  iron  produced  at  present  prices. 

When  tho  ore  is  thus  prepared,  the  deosidization  and  carbonization  are  rapid,  and 
though  the  ore  may  pack  more  closely  in  the  furnace  and  obstruct  the  draft  to  a  cer- 
tain extent,  the  furnace-stack  may  be  much  less  in  elevation,  and  better  results  be 
obtained,  than  in  the  high  furnaces  where  the  torrefaction  is  carried  on  at  tho  espouse 
of  tho  production  of  iron. 

In  Wales,  where  iron  is  mado  cheaper  than  in  any  other  part  of  the  world,  this  pre- 
paration of  the  ores  is  always  carefully  performed ;  and  we  may  also  practise  it  with 
equal  economy  here. 

But  it  is  not  proposed  that  the  improvement  should  stop  at  this  point,  since  still 
greater  economy  can  be  effected  by  carrying  the  preparatory  process  further. 

The  most  refractory  and  massive  ores  after  torrefaction  become  friable  and  easily 
pulverized;  they  are  therefore  readily  reduced  to  a  powder  by  the  stamping  or  roUinf; 
process.  In  this  condition  they  are  mixed  with  a  sufficient  amount  of  fine  coal  or  car- 
ban  dust,  to  absorb  the  oxides  of  the  ores  and  carbonize  the  iron.    In  fact,  enough  carbon 
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in  the  shape  of  powdered  anthracite  may  be  added  to  complete  the  fusion  as  well  as  the 
preparation.  To  the  pulverized  or©  and  coal  ia  then  added  a  su£5cienl  quantity  of  lime 
to  iasuie  adhesion  and  for  flui :  the  mass  ia  then  made  into  a  stiff  mortar,  and  subse- 
quently into  blocks  by  hand  or  machinery. 

This  process  may  seem  elaborate  and  costly;  but  from  tie  burning  of  the  ore  to  the 
formation  of  the  blocks  ready  for  the  furnace,  not  over  twenty-five  cents  per  ton  need 
be  expended  in  labor,  if  the  proper  apparatus  and  machinery  are  provided. 

It  can  always  be  made  conrenient  to  dump  the  ores  at  the  top  of  the  calcining  kilns, 
while  the  elevation  of  the  calcined  orei  to  the  top  of  the  pulveriaing  and  preparing 
establishment — something  1  ke  ur  anthracite  coal  breakers  but  lew  estensive — can  be 
done  by  the  ordinary  meani  Fr  m  this  tlcvaticn  the  pulyenzel  ores,  coal,  and  lime 
descend  to  the  mising  troughs  and  from  them  in  the  c  mpressing  machines,  where  the 
compound  is  formed  into  1 1  cks  solid  en  ugh  f  r  Hindi  ng  and  from  whence  they  are 
conveyed  by  self-acting  elo>  itors  to  Hie  top  of  the  fi  inace   to  be  stacked  and  dried  for 

By  this  mode  one  ton  (f  wa'te  coal  a  loh  aa  s  now  refused  anl  is  a  constant  trouble 
and  expense  to  our  coal  miners  would  le  f  more  benite  than  two  tons  of  the  best 
anthracite ^ump  as  now  uscl  in  on  Ih  t  furn\oes 

THE   HEARTH. 

As  stated  and  demonstrated,  the  ores  and  coal  of  the  blastrfnrnace  should  descend  to 
the  hearth  in  a  condition  for  instant  fusion.  If  they  arrive  in  this  condition  before  the 
blast,  the  amount  of  coal  required  to  reduce  the  carbide  to  fluid  metal  is  limited,  and  the 
process  rapid.  The  iron  falls  like  rain  through  the  liquid  cinder,  which  covers  and  pro- 
tects it  against  reoxidizalion  by  the  oxygen  of  the  blast.  The  lighter  materials,  such  as 
silica  and  all  earthy  substances,  arise  te  the  surface  and  are  taken  up  by  the  flux.  That 
is,  the  lime  unites  wilb  the  silica,  &o.  to  form  cinder ;  the  carbon  unites,  to  a  limited 
extent,  with  the  iron,  and  forma  oast  iron ;  while  the  liberated  carbon  of  the  coaJ,  united 
with  the  oaygen  of  the  air  of  the  blast,  escapes  as  the  vapors  of  combustion. 

If  the  fluid  carbide  of  iron  in  the  hearth  of  tie  furnace  was  not  protected  by  the 
covering  flus  or  cinder,  it  would  be  reduced  .by  the  action  of  the  blast,  first  to  a  mal- 
leable iron,  and  then  again  to  the  oxide  of  iron,  in  the  shape  of  a  blaok  magnetic  oxide, 
similar  to  the  scales  which  lie  around  the  blacksmith's  anvil. 

THE   CONVERSION   OF   CAST   METAL   INTO   BAR  IRON. 

The  conycraion  of  the  cast  pig,  which  is  the  production  of  the  blast-furnace,  into  bar 
or  malleable  iron,  is  a  more  costly  and  laborious  operation  than  the  first  process,  or  that 
of  reducing  the  oxide  of  iron  to  the  carbide  of  iron  or  cast-iron. 

The  decarbonizatinn  by  the  process  of  puddling  and  oxidization  ia  more  costly  and 
troublesome  than  the  deoxidization  and  carbonization  in  the  blast-furnace,  excluding 
the  coat  of  the  ores.  That  which  ia  firat  done  to  produce  the  pig  must  be  undone  to 
produce  the  bar.  It  would  thus  appear  that  the  proper  process  would  be  to  produce 
the  bar  direct ;  but  to  the  present  time  we  have  failed  to  do  this  with  as  much  economy 
as  it  can  be  done,  indirectly,  ia  the  blast-furnace :  we  think,  however,  the  difEeulty  is 
merely  a  meohaniool  one,  and  that  its  acoomplishment  ia  within  the  scope  of  modern 
invention. 
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IMPKOVEMENT   IN   HOT-BLAST   OVENS  * 

"  On  the  Practicai  EmdU  obtaimdjTom  Blast-Fumaces  bij  ike  Use  of  Hoi  Blast  cf  a  very  Ilisk 
Temperature." 

One  of  the  moat  Yaluable  papers  read  before  the  BritJsh  Association  at  its  meeting 
this  your  was  oce  by  E.  A.  Cowper,  on  the  subject  above  st-atcd.  It  will  be  seen  that 
the  blast  is  heated  by  a  cellular  mass  of  brick-work,  on.  the  principle  of  Slcmens's 
furnace. 

Thia  plan  of  obtaining  an  intense  heat  is  destined  to  play  a  great  part  in  the  arts, 
and  we  wonder  that  it  has  not  attracted  greater  attention  in  thia  country. 

'*  It  is  not  proposed  to  detain  the  meeting  with  a  history  of  the  numerous  attempts 
which  hare  been  made  to  cmse  the  blast  for  blast-furnaoes  to  a  very  high  temperature, 
nor  will  the  author  occupy  much  time  in  the  description  of  the  means  by  which  the 
desired  result  has  been  obtained,  as  a  full  account  of  the  apparatus  was  given  at  the 
meeting  of  this  Association,  held  at  Oxford,  though  the  paper  on  the  subject  was  not 
printed  in  the  Transactions. 

"In  1861,  esperimentnl  stoves  only,  on  the  new  plan,  had  beea  erected  and  worked 
for  heating  the  blast  for  one  tweer  out  of  the  five  used  for  one  blastfurnace.  Such 
satisfactory  results  were,  however,  obtained,  that  it  was  clear  that  the  difficulty  of  pro- 
curing blast  of  a  rerj  high  temperature  had  been  overcome,  and  Messrs.  Goohrone  &> 
Co.,  of  Woodside  Iron-Works,  Dudley,  and  Ormesby  Iron-Works,  near  Middlesboro'-on- 
Tees,  forthwith  erected  large  stoves  on  the  new  plan  for  a  complete  blast-furnace,  and 
it  is  now  proposed,  with  your  permission,  to  lay  before  the  section  the  results  obtained 
during  upwards  of  four  years'  practical  working  with  these  stoves. 

"  The  effect  of  heating  air  on  the  new  plan  was  that  a  temperature  of  blast  of  llaO° 
Fah.  was  obtained,  instead  of  only  000°  or  700°,  as  with  cast-iron  pipes  in  the  common 
stoves.  There  was  no  loss  of  blast  from  leakage  owing  (o  cracked  or  damaged  cast- 
iron  pipes.  The  iron  produced  was  of  rather  better  quality ;  twenty  per  cent,  more  iron 
was  made  from  the  same  furnace,  and  fully  5  owt.  of  coke  was  saved  in  the  blast-furnace 
per  ton  of  iron  made. 

"The  details  of  the  construction  of  the  new  stoves  wUl  be  readily  understood  by 
reference  to  tlie  dravrings. 

"First.  There  are  two  stoves,  which  are  heated  alternately  and  used  alternately  in 
heating  the  cold  air:  these  are  filled  with  brick-work 'set  open,' or  with  small  spaces 
between  the  bricks,  and  form  regenerators,  on  the  principle  of  Mr.  Siemens's  'regene- 
rator furnaces,'  as  now  so  largely  used  in  glass-houses,  gas-works,  iron-works,  &c.,  both 
for  obtaining  great  heat  and  economizing  fuel. 

"The  outside  of  the  stoves  is  of  thin  wrought-iron  plate  lined  with  fire-brick,  the 
iron  skin  being  necessary  to  retain  the  blast  under  pressure,  while  the  fire-brick  resists 
the  heat, 

"Second.  There  are  provided  for  the  purpose  of  heating  the  stove's  vaivos,  for  the 
admission  of  gas  and  ^r  info  a  central  flue,  where  combustion  takes  place  when  a  stove 
is  being  heated,  the  products  of  combustion  passing  up  the  flue  and  down  through  the 
mass  of  flre-bricks  forming  the  regenerator,  and  escaping  at  the  bottom  to  the  chimney 
after  the  whole  of  the  heat  has  been  abstracted  by  the  fire-bricks,  the  temperature  of 
the  chimney  being  from  213°  to  250°,  or  thereabouts,  during  the  time  a  stove  is  being 
heated,  viz.:  for  a  period  of  four  hours.  Then,  when  a  stove  is  hot,  the  gas  and  wr  are 
tamed  off,  the  chimney-valve  shut,  and  the  cold  blast  is  turned  on  at  the  bottom  of  the 
regenerator,  and  passes  up  through  the  bottom  courses  of  brick-work  in  the  legenerator, 

*  Fram  tba  "  edeiidfio  American,"  yol.  illL,  No.  21,  Hew  Serieg. 
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thus  very  quickly  becoming  heated;  and  passing  in  tte  heated  state  up  through  the 
remainiug  oourseB  of  briek-work,  and  down  the  central  flue  through  the  hot-blast  yalve  to 
the  blastrfurnace,  the  process  of  absorption  of  heat  by  the  <ur  being  eo  perfect  that,  as  long 
as  a  few  of  the  topniourses  of  the  brick- work  remain  hot,  the  blast  is  well  heated,  the  va- 
riation in  the  temperature  of  the  blaat  being  only  about  100=  Fah.  with  four-hour  changes. 
"Third.  The  gas  for  heating  the  stoves  is  supplied  from  gas-produeers,  similar  to 
those  commonly  used  by  Mr,  Siemens  for  his  regenerating  furnaces,  and  which  have 
already  been  described  before  this  Association.  They  consist  of  a  simple  brick  en- 
closure or  fireplace,  with  bars  near  the  bottom,  for  the  admission  of  a  very  small  quan- 
tity of  air.  The  gas  is  formed  by  slow  combustion  of  a  very  thick  fire,  supplied  with 
poor  coal,  or  alack,  down  a  slope,  or  hopper,  the  gas  passing  off  from  above  thefuel 
through  pipes  to  the  hot-blast  stoves.  Gas  may,  however,  be  taken  from  the  top  of  the 
blast-furnace  for  heating  the  stoves,  provided  proper  arrangements  are  made  to  separate 
it  from  the  dust  which  comes  over  from  the  blast-furnace  with  it;  and,  judging  from 
recent  practical  experiments,  it  is  certsun  that  there  are  several  ways  in  which  this  may 
be  done  with  perfect  success, 

"The  late  James  Beaumont  Neilsoo,  who  did  so  very  much  for  the  iron  manufacture 
by  his  original  inveutiou  of  the  hot-blast  in  1829,  was  sufacienUy  long-sighted  to  predict 
the  advantages  that  would  flow  from  the  use  of  blast  of  a  very  high  temperature, 
though,  as  it  happened,  he  was  limited  to  what  could  be  obtained  from  passing  the  air 
through  iron  pipes  exposed  to  a  Are,  as  in  common  stoves. 

"Mr,  Neilaon  said,  'In  the  new  regenerator  ovens  that  had  just  been  described,  the 
great  capacity  of  fire-brick  for  heat  had  been  well  taken  advantage  of,  and  a  very  im- 
portant step  in  advance  had  been  by  giving  the  means  of  raising  the  temperature  of 
blast  much  above  the  extreme  limit  practicable  with  tiie  old  ovens;  and  he  considered 
this  would  be  productive  of  the  greatest  benefit  in  the  working  of  blast-furnaces.  He 
had  no  doubt  the  make  of  iron  would  be  considerably  increased  by  the  higher  temper- 
ature of  blast  given  by  the  regeuerator  ovens.' 

"These  anticipations  have  been  fully  borne  out  in  practice  during  upwards  of  four 
years'  regular  working  of  the  stoves.  The  high  temperature  of  the  blast  produces  such 
an  improved  efl'ect  in  the  furnace  that  the  'burden'  is  increased  so  as  to  save  fully  five 
hundred-weight  of  coke  per  ton  of  iron  made;  and  as  tiiere  is  less  fuel  supplied,  so 
there  are  less  impurities  taken  in,  and  the  quality  of  the  iron  is  improved,  the  'tweer- 
breasts'  do  not  'work  hot'  or  hum,  or  give  more  trouble  than  usual,  as  the  burden  is 
increased  as  just  stated.  The  same  furnace  is,  of  course,  enabled  to  do  more  work, 
the  'make'  being  increased  fully  one-fifth:  so  that  a  given  'plant'  produces  20  per  cent 
more  iron  per  annum,  besides  saving  nearly  3a.  per  ton  for  eoke. 

"There  is  less  friction  or  loss  of  pressure  of  Mast  in  these  stoves  than  in  common 
ones,  and  there  is  no  loss  of  blast  by  leakage  through  cracked  or  burned  cast-iron  pipes 
or  joints.    More  stoves  are  now  being  erected  on  the  same  plan." 

Every  practical  iron-master  will  comprehend  at  once  the  economy  and  benefits  of  the 
foregoing  plan  of  hot-blast  apparatus.  It  is  not  only  commended  by  the  great  increase 
of  temperature  produced,  but  by  its  simplicity,  cheapness,  and  reliability. 

Those  who  have  had  the  most  experience  with  the  common  hot-blast  ovens,  or 
"stoves,"  formed  with  castriron  pipes,  afe  familiar  with  their  imperfections.  It  is 
impossible  to  construct  a  cast-iron  heater  that  will  give  much  over  half  the  temperature 
of  blast  obtainable  from  the  regenerator  described. 

But  we  are  far  behind  our  cousins  across  the  water  in  the  manufacture  of  iron  and 
in  the  use  of  the  new  and  wonderful  inventions  perfected  within  the  last  ten  years.  It 
is  true,  Siemens's  regenerators  are  in  use  at  Pittsburg;  yet  but  few  of  our  iron  manu- 
facturers know  much  or  any  thing  about  them.  Their  application  to  the  production  of 
bar  iron  direct  from  the  ore  will  be  considered  further  on. 
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THE   PUDDLIKG-PROCESS. 

The  process  of  puddling,  or  the  decai'boniaation  of  cast  iron  by  stirring  it  while  in  a 
fluid  condition  aai  exposing  ail  parts  to  an  osldlzicg  current  of  flame  and  air  in  a 
reverberatory  furnace,  was  inveoted  in  1783-84  by  Mr.  Heary  Cort,  of  Gosport,  Eng- 
iand.  He  also  invented,  about  the  same  time,  the  use  of  rollers  for  the  purpose  of  pro- 
ducing bar  iron  from  the  puddled  blooms  or  bails. 

"  It  is  not,  perhaps,  g  Uj  k     w    tl    t  M     C    t      p     ded  a  fortune  of  £20,000  in 

perfecting  his  invontJon  f  j  ddl  ro  d  11  t  into  bars  and  plates,  that  he 
was  robbed  of  the  fruit   fhd  lyt!        Uyf  ofEcials  in  a  high  depart- 

ment of  the  Government  dththw  Itmtl  litto  starve  by  the  apathy  and 
selfishness  of  an  ungrat  f  1  co  at  y 

The  process  ot  convert    gpgmtltb  th     puddling-furnaee,  as  before 

stated,  is  the  reverse  ofthpoi  plydtpd        the  pig  from  the  ore  in  the 

blast-furnace.    In  tJio  p  ddli  f,  f  m       tl     p  t,  du  cd  to  a  fluid  condition  by 

a  strong  heat.     In  this  fldttt  bjttt  tof  flame  and  air  while  agi- 

tated by  the  tools  of  th    p  ddl        Th     b     ^    '^  ^°  coitact  w  th  the  oxygen 

of  the  air,  which  absorbs  or  burn        t  tl  b      f    m  th    pig  metal      In  other  words, 

the  carbon  unites  witi  the  oxyge        dp  ff  oa  tl        p  rs  of  com!  ustion,  leaving 

the  iron  in  a  decarbonised  and  t  11  It  The  crystals  are  elcngated  or 

drawn  into  fibres  by  the  rolling       h      m    m     [  oc        and  thus  1  rm  malleable  or  bar 

In  the  puddling-process  great  m     t  b    t  k      by  th    puddler  to  prevent  the  burn- 

ing or  osidiiatdon  of  the  iron  when  divested  of  carbon,  which  is  done  by  constantly 
shifting  the  masses  and  immersing  them  in  the  fluid  cinder  of  the  puddling-hearth. 
The  operation  of  puddling  by  iiand  is  very  laborious,  and  can  only  bo  done  by  experts 
without  great  loss.  The  stirring  process  should  not  be  suspended  an  instant  from  the 
time  the  iron  is  in  a  fluid  state  until  it  is  ready  to  ball,  or  is  free  from  its  carbon. 

In  the  best  puddling-fumaces,  expert  puddlers  make  sis  heats  per  day,  of  4  owt.  to 
each  heat,  or  24  cwt.  of  pigs  used,  and  22  cwt.  of  puddled  iron  produced  with  an  ex- 
penditure of  28  cwt,  of  coal  in  the  single  and  17  owt.  in  the  double  puddling-furnaces 
to  the  ton  of  puddled  bars  made. 

These  are  the  results  of  the  best  English  puddling-furnaces.  We  do  not  do  as  well 
at  home  with  the  best  anthracite  coal.  The  average  consumption  of  coal  in  our  rolling- 
mills  is  three  tons  to  the  ton  of  railroad  bar  produced;  but  this  includes,  of  course,  the 
reheating  and  rerolling  of  the  puddled  bars. 

The  total  consumption  of  anthracite  coal  to  the  ton  of  railroad  iron  produced,  from 
the  ore  to  the  rail,  is  an  average  of  five  tons,  in  this  country.  AVhore  bituminous  coal 
is  used,  the  consumption  is  from  six  to  seven  tons  per  ton  of  rail. 

PUDDLING   IRON   BY   MACniNERY.f 

"At  the  last  meeting  of  the  Ilechanical  Engineers'  Society  of  Birmingham,  a  paper 
was  read  by  Mr.  Henry  Bennett,  of  Wombridge  Iron-Works,  on  puddling  iron  by  machi- 
nery, from  which  we  take  the  following  extracts. 

DESIRABILIXy  OF   THE   IMPROVEMENT. 
"In  the  manufacture  of  wrought  iron  from  the  crude  pig  iron,  the  purifying  of  the 
*  Iron,  ita  Uiatory.  ProportieB,  aufl  CtoMBSa  of  JBioufaclure,  by  WilliBia  Fairbairn,  C.  E.,  fie.  4c.,  Edinburgh, 
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metal  by  tha  process  of  puddling  involyes  a  very  heavy  and  long-oontinuous  hard 
labor,  since  the  metal,  after  being  emalted  in  the  puddling-fumaee,  has  to  be  continii- 
oualy  stirred  for  a  considerable  time  while  'boiling,'  in  order  to  espose  it  thoroughly  to 
the  action  of  the  current  of  air  passing  through  the  farnace,  so  as  to  affect  the  chemi- 
cal changes  required  for  the  separation  and  removal  of  the  impurities  combined  with 
the  iron. 

"  The  metal  has  then  to  be  '  balled  up'  into  separate  masaea,  of  about  three-quarter 
cwt.  each,  for  the  '  shingling'  hammer ;  and  the  whole  process  extends  over  about  an 
hour  from  the  time  of  melting  the  pig  iron  for  each  heat,  of  which  eis  are  worked  in 
the  day. 

"  The  application  of  machinery  to  puddling  has  been  long  felt  to  be  very  dewrable, 
on  account  of  the  laborious  nature  of  the  process,  owing  to  the  continuous  heavy  work 
recjuirel  ind  the  great  heat  to  which  the  men  are  exposed;  and  the  simple  mechanical 
character  of  the  greater  part  of  the  process,  which  consists  in  merely  a  continuous,  uni- 
form stirrmg  of  the  material,  renders  it  very  suitable  in  that  respect  for  the  application 
of  michinery.  But  the  high  temperature  of  the  furnace  and  the  necessity  for  not 
interfering  with  the  current  of  air  passing  through  it,  which  has  to  he  regulated  and 
changed  as  the  process  advances,  cause  great  difficulty  in  successfully  carrying  out  the 
application  of  machinery  in  place  of  hand-labor. 

OBJECT   AIJiED   AT. 

"  The  object  of  the  writer  has  been  to  employ  machinery  simply  to  aid  the  pudJler, 
by  relieving  him  of  the  most  laborious  part  of  the  work,  namely,  the  stirring  or  work- 
ing of  the  metal  in  the  puddling-furnace. 

"At  the  same  time,  the  objects  aimed  at  have  been,  by  a  more  rapid  and  uninter- 
rupted process  of  stirring  the  metal  to  shorten  the  time  of  puddling,  thereby  econo- 
mizing fuel ;  to  improve  the  quality  of  the  iroo.  by  rendering  the  process  more  uniform 
and  perfect  than  with  hand-labor;  and  to  increase  the  yield  of  the  furnace  by  working 
larger  charges  than  could  be  both  puddled  and  balled  up  at  one  heat  by  hand-labor 

DESCRIPTION  OF   THE   MACHINE   TUDDLEE. 

"The  ordinary  puddling-tool,  or  'rabble,'  is  worked  backward  and  forward  in  tho 
puddling-fumaee  by  a  vertical  arm  outside  the  furnace,  to  which  it  is  connected  by  a 
notch  in  the  handle  of  the  rabble,  dropped  loosely  upon  a  pin  at  the  bottom  of  the  work- 
ing arm.  This  arm  is  cott^red  at  the  top  int«  a  horizontal  square  bar  overhead,  sliding 
longitudinally  through  two  guide-sockets,  and  worked  by  connecting-rods  from  a  long 
T-iron  bar  extending  horizontally  across  a  whole  row  of  puddling-fumaces,  the  T-bar 
being  carried  by  anti-friction  rollers.  A  longitudinal  reciprocating  motion  is  given  the 
bar  by  a  crank  at  one  end  driven  by  engine-power.  The  guide  from,  or  sector  carrying 
the  guide-sockets  of  the  sliding  bar,  is  centred  on  a  vertical  pin  immediately  over  the 
door  of  the  puddiing-furnace,  and  the  outer  end  is  moved  transversely  from  side  to  side 
with  a  slow  reciprocating  traverse  along  a  guiding  quadrant  by  means  of  a  connectlng- 
'rod  from  a  crank  which  is  driven  through  a  worm  wheel  and  screw  shaft  extending 
over  the  furnaces  alongside  the  reciprocating  T-bar,  This  bar  works  at  a  speed  of 
about  fifty  strokes  per  minute,  and  has  a  length  of  stroke  of  2  feat  10  inches,  carrying 
the  rabble  with  the  same  length  of  stroke  across  the  floor  of  the  fumaoe.  The  traverse 
motion  given  by  the  crank,  which  makes  one  revolution  for  every  seventy  strokes  of  the 
rabble,  causes  the  direction  of  each  stroke  to  change  gradually  between  two  extremes  of 
tho  guiding  quadrant,  eotbat  theendof  tbetool,  instead  of  moving  backward  and  forward 
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always  in  the  same  line,  is  worlied  successively  over  every  portion  of  the  floor  of  tlie 
furnace,  within  certain  liniita,  in  lines  I'adiating  from  the  working  hole  in  the  door  of  the 
fumaee,  corresponding  esaotlj  to  the  action  in  hand-puddling. 

"  In  the  double  furnace  with  u.  door  on  etsah  side,  two  traversing  cranks  are  set  at  right 
angles  to  each  other,  so  that  the  two  rabbles  are  always  working  in  different  parts  of 
the  furnace.  The  whole  of  the  machinery  is  kept  clear  abore  the  furnace  outside,  and 
completely  protected  from  heat,  and  quite  out  of  the  way  of  the  men, — nothing  being 
exposed  to  the  heat  except  the  rabble  or  puddling-tool,  the  same  as  in  band-puddling. 

"  The  double  furnace  is  exactly  the  same  in  construction  in  all  respects  as  the  ordinary 
single  puddling-fnrnaces,  except  that  it  is  made  with  a  working  door  at  each  side,  and 
is  one  foot  wider  inside. 

OPERATION  OF  THE  MACHINE. 

"When  the  ha  g  fig  b  m  ted  and  ready  for  the  commencement  of  the  pro- 
cess of  puddling  h  p  a  us  ju  n  action  Iiy  simply  dropping  the  notch  in  the 
handle  of  the    a  b  h     p  n    n    be  working  ann,  which  is  kept  continuously  in 

motion  by  the  h         n  a   ng  T  bar  working  overhead.     The  puddlcr  changes 

his  tool  from     mm  m  s  heated,  by  simply  lifting  the  notch  in  the 

handle  off  the  pnn  h  w  kagam  and  replacing  the  tool  with  a  fresh  one,  without 
stopping  the  maehine;  and  when  the  iron  begins  to  thicken,  he  takes  the  opportunity 
of  each  change  of  tool  to  maie  a  few  strokes  by  hand,  in  order  to  collect  the  metal  from 
the  extreme  sides  of  the  furnace  into  the  centre,  which  is  found  to  insure  the  whole 
charge  being  uniformly  worked.  The  usual  time  of  working  with  the  machine  is  about 
25  minutes  with  ordinary  forge  pig  iron,  the  tool  being  changed  five  or  six  times;  but 
■with  gray  iron  the  time  of  working  is  much  prolonged. 

"In  the  latter  case  the  machine  is  especially  serviceable,  since  the  iron  keeps  in  a 
fluid  state  much  longer,  and  requires,  consequently,  so  much  more  working;  which 
causes  the  labor  to  be  so  much  more  severe  in  the  case  of  hamd-puddling  that  there  is 
great  difEonlty  in  getting  men  to  work  any  iron  that  is  very  gray.  Witli  the  machine, 
however,  this  causes  no  iccrease  of  labor  to  the  men,  and  only  increases  the  time  of  the 
process. 

"When  tlie  iron  begins  to  thicken,  or,  as  it  is  termed,  'coming  to  nature,'  the 
machinery  is  disconnected  without  stopping  it,  by  simply  knocking  out  the  cotter  that 
fixes  the  upper  end  of  the  vertical  working  arm;  the  arm  tlien  drops,  out,  leaving  the 
furnace-door  entirely  clear  for  the  puddler  to  ball  up  the  iron,  which  is  done  exactly  in 
the  same  manner  as  in  ordinary  puddling-fumaces,  without  the  man  being  in  any  way 
inconvenienced  by  the  machinery  continuing  to  work  overhead. 

ECONOMICAL  RESULTS. 

"The  machine  is  applied  to  ordinary  single  puddling-fumaces  without  any  alteration 
being  required  in  the  furnace,  the  frame  of  the  appai'atus  being  merely  attached  to  the 
top  of  the  furnace.  The  double  furnace  is  preferable,  however,  as  it  effects  a  great 
economy  in  the  consumption  of  fuel  as  compared  with  a  single  furnace,  and  puddles 
double  the  qaantitj  of  iron  in  the  same  time.  With  the  single  furnace  at  the  writer's 
works,  and  charges  of  5  owt.,  the  consumption  of  coal  ia  28  cwt.  per  ton  of  puddled 
bar  made;  but  with  the  double  furnace,  and  charges  of  10  cwt.,  the  consumption  of 
coal  is  only  17  cwt  per  ton  of  puddled  bar,  being  a  reduction  of  S9  per  cent.  The 
number  of  heats  or  charges  worked  in  the  single  furnace  is  six  heats  of  5  cwt.  each, 
and  in  the  double  furnace  five  heats  of  10  cwt.  each  per  turn  of  from  nine  to  ten  hours. 
In  working  the  double  furnace  it  is  found  best  to  have  one  puddler  only  and  two  undor- 
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hands,  to  avoid  the  dirision  of  responsibility  that  wouid  arise  in  case  of  two  puddlors 
working  the  same  charge  of  ii-on. 

SIX  MONTHS'  EXPERIENCE. 

"Mr.  W.  Fisher,  manuger  of  Mr.  Bennett's  works,  aaid,  in  answer  to  inquiries,  that 
the  puddling-fnachinea  had  now  been  at  work  oonstaatlj  during  the  daj  for  the  last  sis 
months  at  tlie  Wombridge  Iron-Works,  and  continued  to  work  as  well  now  as  they  did 
when  first  started;  and  there  had  been  no  occasion  to  repair  any  of  the  working  parts 
since  then,  as  the  machines  had  been  found  rery  simple  and  strong.  A  man  went 
round  twice  a  day,  and  put  a  little  oil  on  morning  and  evening ;  and  they  could  be 
worked  night  and  day  when  desired.  At  first  there  had  been  a  little  difficulty  in  in- 
troducing the  machine;  but  now  the  men  felt  its  adyantage,  and  were  ansious  to  have 
it  empioyod  on  night-work  also. 

"The  sis  months'  experience  of  the  working  of  the  machine  had  shown  that  5  cwt. 
of  iron  had  been  puddled  bj  it  in  the  time  that  a  man  would  take  to  puddle  4  cwt. ; 
and  it  was  also  found  that  the  machine  made  a  great  improvement  in  the  quality  of 
the  icon.  This  was  accounted  for  by  the  fact  that,  while  in  hand-puddling  there  was 
the  liability  of  under-hands  to  neglect  their  work,  the  machine  went  steadily  on,  working 
the  tool  constantly  to  and  fro  in  the  furnace  without  any  intermission,  and  kept  the 
w  U  t'  d  d  ■  fli  wh  1  t'me  that  the  work  was  required  to  be  put  into  it. 
Th  q     n      w       th  t        y     Id  m  was  a  bit  of  raw  iron  seen  ik>m  the  puddling- 

f  w    Led  1  y    h    m    h  nd  the  puddled  bars  were  very  seldom  found  to 

b      k    ff    h  th        11    g        I        tbe  i'^oa  'was  too  hot.     In  the  heavy  operation 

f  p  d  11    g    t  mp       bl    f         y  puddler  to  stand  up  to  his  work  as  tlie  machine 

d  1  H     m    h  t  red  but  kept  steadily  on  without  rest,  and  at  a  quicker 

tfwki       th  hdp  ddl  ng.     By  using  the  machine  to  do  the  heavy  part 

f  th    w    k  as    nly      q        d  f  r  the  puddler  occasionally  to  disengage  the  tJiol 

d  d    w  th  frc      th       d       f  the  furnace  into  the  centre,  leaving  the  machine 

d  g  th  est  f  th  t  m  to  ^  f  Tn  its  work  alone.  "When  the  iron  was  ready  for 
ballmg  up,  the  puddler  came  fresh  to  the  work;  and,  from  the  men  being  relieved  of 
the  severest  part  of  the  labor,  the  furnaces  worked  by  the  machine  turned  out  about  5 
cwt.  at  each  heat,  and  sis  heats  during  the  day,  with  the  same  quantity  of  fuel  as 
was  used  for  the  ordinary  heats  of  only  4  cwt,  in  hand-puddling,  with  six  heats  per 
day.  The  average  result  of  a  day's  work  with  the  machine  was  about  28J  cwt.  of 
puddled  iron  from  30  cwt.  of  pig  iron,  as  compared  with  about  22^  cwL  of  puddled 
iron  from  24  cwt.  of  pig  iron  by  hand-puddling.  The  improvements  efiected  by  the 
machine  were,  therefore,  that  it  produced  a  better  quality  of  iron,  with  a  decreased 
consumption  of  fuel,  and  turned  ont  more  iron  in  the  same  time. 

"The  machine  did  not  interfere  with  the  wages  of  the  under-hands,  as  they  had  to  be 
employed  the  same  as  without  the  machine;  whilst  the  puddler's  wages  were  increased 
by  his  being  enabled  to  turn  out  more  iron  in  the  same  time." 

"We  have  witnessed  and  heard  of  several  attempts  to  puddle  iron  by  machinery,  but 
none  of  the  inventions  with  which  we  ore  familiar  were  successfully  applied.  The  plan 
described  in  the  foregoing  quotation  is  undoubtedly  practical  and  economical,  and  may 
be  applied  at  all  our  rolling-mills  with  much  benefit  to  proprietors  and  puddlers.  There 
are,  however,  several  otlier  modes,  which  we  will  briefly  describe. 

IMPROVEMENTS  IS   PUDDLING, 

A  few  years  ^go,  the  pig  metal  was  always  refined  in  the  fincry-farnace  by  the  pneu- 
matic process  before  use  in  the  puddliug-furriace.    It  lias  been  found  practical  aiid  mure 
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economical,  fiowever,  to  deosidize  the  metal  at  one  procesB  by  "  boiling"  it  in  the  pud- 
dling operation.  This  simply  consists  in  the  rapid  ebullition  of  the  gases  produced  by 
the  more  highly  carboniEed  and,  consequently,  more  fluid  east  iron.  The  "boiling" 
proeeaa  is  more  tedious  and  laborious  than  common  puddling  of  refined  metal,  on 
account  of  the  stirring  neeesBary  to  burn  out  the  larger  amount  of  carbon  in  the  pig 
metal. 

Mr.  Hall,  of  the  Bloomfield  Iron-Works,  Tipton,  England,  first  introduced  the  boiling 
process  about  thirty  years  ago. 

Mr.  James  Nasmyth  patented  an  improved  process  of  puddling  in  1854,  -which  con- 
sists in  the  introduction  of  a  small  quantity  of  steam  at  a  low  pressure  into  the  molten 
metal  on  the  hearth  of  the  furnace  as  soon  as  melted.  The  steam  has  both  a  mechanical 
and  chemical  action  on  the.  iron ;  being  introduced  at  the  bottom  of  the  melted  metal, 
the  steam  is  instantly  rarefied  and  difiused  upwards,  violently  agitating  the  iron  and 
causing  the  exposure  of  fresh  surfaces  to  the  oxygen  passing  through  the  furnace  and 
the  action  of  the  steam. 

The  mode  of  applying  the  steam  is  by  means  of  a  small  jape,  bent  at  the  end,  which 
enters  the  furnace  for  tie  purpose  of  passing  down  through  the  melted  metal.  This 
pipe  is  held  horizontal  by  the  puddler,  and  is  swung  on  a  ball-joint,  which  connects 
with  a  perpendicular  pipe  leading  from  the  boilers.  The  workman  can  thus  pass  the 
horizontal  steam-pipe  over  the  entire  hearth  of  the  furnace.  So  rapid  is  the  operation 
of  steam,  thus  applied  in  decarbonizing  the  metal,  that  in  the  course  of  eight  or  ten 
minutes  the  mass  begins  to  thicken,  and  the  operation  is  then  finished  by  the  "  rabble" 
of  the  puddler.  The  time  saved  by  this  simple  process  is  considerable,  and  that  during 
the  hottest  and  most  laborious  part  of  the  process.  It  is  possible  this  mode  of  puddling 
may  be  superior  to  the  machinery  formerly  desiribed,  and  in  connection  with  the  gas 
pnddling-furcace,  which  has  been  in  use  in  Silesia,  Germany,  for  twenty-four  years 
with  great  success,  the  operations  of  decarbonizing  pig  metal  in  the  puddling-fumace 
would  be  much  simplified  and  economiaed. 

The  Silesian  gas-furnace  is  much  the  same  as  the  common  reverberatory  fumaei?, 
except  that  it  is  much  larger,  and  that  the  fireplace  is  occupied  by  a  gas-generator  cu 
the  Siemens  principle,  which  gives  an  intense  lieat  and  saves  33  per  cent,  of  the  fuel, 
while  the  puddling  process  is  shortened  and  simplifipd. 

In  these  furnaces  the  deoarbonization  is  efieeted  by  the  pneumalao  process,  the  air 
being  blown  into  the  metal  from  each  side  of  the  furnace,  on  the  same  pvinciplo  first 
applied  in  the  Bessemer  converter, — the  charges  being  about  40  ewt.  instead  of  4  and  5 
as  used  in  hand-puddling.  The  make  is  improved,  while  the  saving  of  metal,  fuel, 
time,  and  labor  is  very  great. 

TilE   MVNt.ri.  TUrE    ir   "^TECL 

Steel  IB  produced  fron  ron  1  rfct  from  the  ores  by  eItr^ohllg  a  port  oa  of 
the  Tb  n  from  cast  iron  or  ly  idlng  carb  n  to  mallealle  or  1  ar  ir  n  It  i 
simply  a  c  mpound  f  carbon  and  ron  as  cast  ron  s  but  cast  ro  o  ta  ns  fron 
one  to  fi  e  per  cent  of  carbon  wh  le  steel  oonti  ns  only  fr  m  a  hilf  to  ne  j 
cent  of  carbon  The  best  ste  1  known  to  the  cutlers  of  Fn^Iand  and  ti  o  swor  1 
makers  of  Din  ase  s  s  produced  1  y  the  wootz  manufa  turers  of  Ind  a  whcso  open 
t  ons  have  been  conducted  since  the  lays  of  Alesan  le  or  perhaps  i  ef  re  the  1  rtl  t 
Brahna  (?) 

Steel  can  be  made  n  tl  e  Catalan  forge  m  small  q  ant  t  os  !  y  us  ng  1  ';'!  ore  in  1 
m  re  charcoil  ads  mpiy  ra  ng  tl  e  tn  er  to  pre  put  the  1  last  fr  m  1  urn  nc;  the  ear 
I  n  fr  m  tl  o  i     i     1  ot  ti      steel    o  x  oduc  1   s    ery  var  ail  met  n  e    i  11     m    f 

ex  ell  nt    t    1  nay  be  prod     ed   but   n  re  tre  [u  ntly   t     ij    onta  n  t      m     h  carl   n 
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and  be  simple  "pot-metal"  or  cast  iron;  or  too  little  carton,  and,  consequently,  only 
wrought  or  malleable  iron. 

Steel  has  been  produced  as  a  carburet  by  simply  decarbonising  cast  iron  in  Tariona 
ways  for  a  long  time.  The  proceas  of  refining  pig  metal  formerly  in  general  use,  to 
prepare  it  tor  the  puddling-furnaee  by  blowing  air  into  the  liquid  metal  in  the  "finery- 
furnace,"  partially  effects  the  decarboniaation  of  pig  metal  and  forms  steel  if  continued. 
But  the  mechanical  arrangement  of  the  flnery-furnaoe,  and  the  action  of  the  air  blow- 
ing from  the  surface  downwards,  instead  of  from  the  bottom  upwards,  does  not  admit 
of  economical  or  uniform  results,  since  the  iron  becomes  oxidized  before  the  whole  is 
sufficiently  decarbonized  to  form  steel. 

A  similar  process,  however,  has  been,  long  in  operation  at  the  celebrated  steel  and 
iron  works,  called  Konigshiitte  (king's  forgo),  in  Upper  Silesia,  Germany,  where  "natu- 
ral steel,"  or  a  carburet,  ia  made  direct  from  the  cast  iron  by  means  of  a  furnace  on 
the  principle  of  the  old  refining  furnace;  but  the  blast  is  supplied  from  below,  and  the 
pig  metal,  when  melted,  falls  down  IftTOtigh  t!ie  blast  to  the  bottom  of  the  hearth  in  the 
shape  of  steel, — a  process  which  may  be  made  equally  available  with  that  now  so  cele- 
brated under  the  name  of  the  Bessemer  process;  and,  as  before  stated,  the  same  use  ia 
made  of  air  for  the  decarbonization  of  cast  iron  in  the  puddling  process,  except  that  it 
is  blown  into  the  melted  liquid  in  the  latter,  while  the  metal  falls  through  the  blast  in 
the  former. 

Cast  iron  may  be  thoq>ughly  deoxidized  and  refined  by  falling,  while  in  a  molten 
condition,  through  a  strong  blast  of  air  and  steam,  the  steam  being  produced  by  jets  of 
water,  or  by  the  falling  of  the  metal  into  water.  As  shown  in  the  Nasmyth  invention, 
described  in  a  former  page,  steam  ia  Diore  effectual  than  air  in  deoxidizing  oast  iron. 

CONVERSIO^J   OF   BAR   IRON   TO   STEEL. 

As  before  stated,  we  first  de  b      carbonize  iron,  to  convert  it  from  the  ore 

to  the  pig;  we  then  decarbonl  d  n,  to  form  bar  iron;  and  lastly,  wo  car- 

bonize it  again  without  the  a  to   orm  the  steel  of  cementation.     This  is 

truly  a  roundabout  way  to  ac  h  w    ch  should  and  can  bo  done  in  the  first 

process  by  the  proper  meohan  rraug  m  This,  however,  has  not  yet  been  done 

in  a  successful  and  economica    m  w  our  experience.     Nor  do  we  think  it  can 

be  done— except  for  the  prod  CO  f  a  pe  r  grades  of  steel— in  competition  with 
the  blast-furnace  and  the  new  application  of  air  as  a  decarbonizer,  since  no  mechanical 
arrangement  can  supersede  the  blast-furnace  on  the  score  of  economy,  provided  the 
improvements  of  modern  science  and  experience  are  applied  as  they  arise. 

STEEL  OF   CEMENTATION. 

Steel  of  cementation,  or  that  made  trom  superior  bars  or  good  soft  iron,  by  the  addi- 
tion of  the  proper  quantity  of  carbon,  is  the  most  uniform  and  best  for  all  the  require- 
ments of  the  arts  that  bas  yet  been  produced,  or  is  likely  to  be  produced  for  some  time 
to  come,  by  any  other  process.  It  has  already  been  superseded,  however,  by  Bessemer 
steel  for  most  common  uses,  in  which  fine  steel  is  not  a  necessity. 

The  best  steel  can  only  he  made  from  the  best  iron,  whether  by  one  process  or 
another;  but,  in  the  process  of  cementation,  superior  charcoal  iron  must  be  used  ex- 
clusively in  order  to  produce  good  steel;  yet  the  beat  cast  steel  for  tools  and  cutlery 
cannot  be  made  even  from  superior  charcoal  bai  unless  produced  from  peculiar  ores  or 
mixed  with  the  carburet  of  manganese. 

The  Bteel-manufa^turers  of  England  formerly  imported  all  their  har  iron  from 
Sweden  or  Russia,  but  they  subsequently  found  the  iron  of  Ulverston,  England,  and 
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of  Madras,  India,  to  be  eqnal  to  tbe  beat  Swedish  Dauemora  iron,  -n-liich  sold  freely 
at  £36  per  ton  when  other  brands  of  good  Swedish  charcoal  iron  sold  for  £15  the  ton. 

The  black  magnetic  oxide  of  iron  generally  forms  the  best  bai-  iron  for  cementation, 
but  only  peculiar  kinds  of  this  ore  produce  naturally  the  rare  qualities  of  the  Dane- 
mora  iron.  We  find  this  peculiar  ore  in  several  localities  in  the  United  States,  bnfc 
always  in  the  yicinity  of  limestone  and  always  accompanied  with  a  small  percentage 

But  in  1S39,  Mr.  Josiah  M.  Heath,  of  England,  obtained  a  patent  for  the  use  of  man- 
ganese in  the  production  of  steel.  It  was  found  that  by  the  introduction  of  one  per 
cout.  or  less  of  carburet  of  manganese  into  the  melting-iwt  along  with  the  broken  bars 
of  blister  steel,  a  cast  steel  was  obtained,  after  fusion,  of  a  quality  much  superior  to 
that  manufactured  from  common  charcoal  iron  without  the  manganese. 

In  1843,  2o,000  tons  of  steel  were  converted  in  England;  and  of  that  quantity  not 
more  tliau  2500  tuns  were  made  from  tbe  imported  bar.  At  one  time,  70,000  tons  of 
foreign  bar  iroa  were  annually  imported  into  England  for  the  manufacture  of  steel  and 
other  purposes,  for  which  domestic  iron  is  now  almost  exclusively  used;  but  Mr,  Heath's 
inTention  enabled  the  steel-makers  of  England  to  produce  good  common  steel  even  from 
ordinary  coke  iron.  This  invention  has  also  made  the  Bessemer  process  a  practical  in- 
dustry. 

BLISTER  STEEL. 

Blister  steel  is  a  carburet  of  iron  and  the  products  of  the  cementing  furnace.  It  is 
made  by  enclosing  thin  bars  of  wrought  iron  in  an  air-tight  chest  with  powdered  char- 
coal, subjected  to  a  strong  heat  for  eight  or  nine  days,  and  then  allowed  to  cool  gradually 
for  flyo  or  sis  more.  About  two  tons  of  coal  are  used  to  the  ton  of  blister  steel  pro- 
duced, and  abont  the  same  amount  fo  fuse  the  blister  steel  in  cruojbles  for  the  subse- 
quent production  of  cast  steel. 

SHEEE  STEEL 

is  made  by  reheating  the  blister  steel  and  drawing  it  out  under  a  tilt-hammer.  It  loses 
part  of  its  carbon  by  this  pi-ocess,  and  becomes  softer  and  less  crystalline  in  conse- 
quence. Slicer  steel  is  used  extensively  for  heavy  springs  and  a  great  variety  of  common 
purposes  in  the  arfs.  It  is  often  used  in  the  place  of  iron,  since  it  is  worked  with  equal 
facility  by  good  smiths ;  while  its  strength,  elasticity,  and  hardness  under  temper,  where 
desired,  renders  it  superior  to  iron  for  moat  purposes;  but  the  increase  df  price,  owing 
to  the  greater  cost  of  production  by  the  old  processes,  is  much  against  its  use  generally. 
By  the  pneumatic  process,  however,  steel  having  much  the  same  quality  may  bo  made 
cheaper  than.  iron. 

CAST  STEEL. 

Cast  steel  is  made  by  melting  blister  steel  in  fircK'lny  crnciljlefi;  but,  since  a  portion 
of  the  cai'bon  ia  dissipated  in  the  fusion,  the  steel  used  for  this  purpose  is  more  highly 
converted,  or  charged  with  more  carbon  in  the  cementing  furnace,  than  that  which  is 
used  for  other  purposes;  but  the  amount  of  carbon  taken  up  by  the  bars  is  never  over 
one  per  cent,,  and  seldom  more  than  one-half  per  cent.  The  fuel  used  in  the  east^steel 
furnaces  of  England  is  a  dense,  pure  coke.  "When  melted,  the  steel  is  pourod  into  oast- 
iron  moulds,  of  such  siises  and  shapes  as  may  bo  desired;  for  ordinary  uses,  however, 
it  is  drawn  under  the  hammer  to  bar  steel. 
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CEMENTING  FUENACES. 

We  do  not  propose  to  elaborate  the  method  of  producing  steel  hy  the  old  processes, 
hut  simply  to  give  the  chief  points,  in  order  to  trace  the  modes  and  means  of  thp  manu- 
fjcture,  and  to  illustrate  the  new  developments  or  inventions  which  arrive  at  the  de-ired 
obpi  t  directlv  m-tead  of  indirfctlv  as  bj  the  old  and  rcwndibout  process  of  dooar- 
b  mization  and  recaiLnnizitiLD 


EiG   IS-* 


Fif    IhJ 


DESCRIPTION. 

Tlie  furnaca  of  cementation,  in  which  bar  iron  is  converted  into  bar  or  blister  steel,  is 
represented  in  the  foregoing  figures.  It  is  generallj  rectangular,  and  covered  in  by  a 
groined  or  cloister  arch;  it  contains  two  cementing-ehesta,  c,  a,  made  either  of  fire- 
stone  or  fire-brick;  each  cheat,  or  cera  en  ting-trough,  is  about  2J  feet  wide,  3  feet  deep, 
and  12  feet  long,  and  capable  of  cementing  about  sis  tons  of  bar  iron  at  each  heac. 
One  of  these  chests  is  placed  on  eaoh  side  of  the  fire-grate  A  B,  whieh  oocnpies  the 
whole  length  of  the  furnaoe,  and  is  from  13  to  14  feet  Jong.  The  grate  is  14  inches 
broad,  and  rests  from  10  to  12  inches  below  the  inferior  plane  or  bottom-level  of  the 
chests;  the  height  of  the  top  of  the  arch  above  the  chests  is  b\  feet;  the  bottom  of  the 
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chests  ia  nearly  on  a  level  with  the  ground,  so  that  the  hars  <lo  not  nneil  to  be  lifted 
high  in  charging  the  furnace. 

The  flame  rises  hetween  tie  two  cheats,  paases  also  below  and  around  them  through 
the  horizontal  and  vertical  flues  d,  and  issues  from  the  furnace  by  an  opening,  H,  in  the 
top  of  the  vault,  and  by  orifices,  t,  which  communicate  with,  the  chimneys  placed  in  the 
angles.  The  whole  is  placed  within  a  large  cone  of  bricks  25  or  30  feet  high,  and  open 
at  top;  this  cone  inoreaaes  the  draft,  makes  it  more  regular,  and  carries  off  the  smoke 
from  the  estahliahment. 

The  furnace  has  three  doors:  two,  T,  above  the  chests  serve  to  admit  and  remove  the 
bars;  they  are  about  7  or  8  inches  square;  in  each  of  them  a  piece  of  aheet  Iron  is  put, 
folded  baek  on  its  edges,  so  as  to  save  the  wall  in  sliding  the  bars  in  and  out  of  the 
chests. 

A  workman  enters  by  the  middle  door  Pto  arrange  the  bars;  the  trial  bars  are  takeri 
out  from  time  to  time  through  the  apertures  s,  which  are  prepared  for  the  purpose. 
The  bars  are  laid  in  strata  in  the  chests  along  with  powdered  charcoal  made  from 
yonng  timber;  these  bars  are  three  inches  broad,  and  one-third  of  an  inch  thick;  they 
must  not  be  allowed  to  touch  each  other,  hat  are  separately  imbedded  in  the  charcoal; 
the  uppermost  layer  is  covered  with  a  stratum  of  loamy  matter  from  4  to  5  inches  thick. 

The  furnace  must  be  heated  gradually,  not  reaching  ita  maximum  temperature  before 
8  or  9  days,  while  the  cooling  lasts  5  or  6  days,  and  the  whole  operation  18  or  20  days. 
About  13  tons  of  coal  are  consumed  in  this  period. 

Many  of  our  old  steel-manufacturers  make  a  great  mystery  about  the  secret  in- 
gredients— ashes,  salt,  &c. — which  it  was  insisted  must  be  used;  but  the  best  steel  can 
be  made  without  them  as  well  as  with  them. 

THE  PNEUMATIC  PROCESS. 

Steel  has  been  ma^e  by  this  process  in  Germany  for  a  long  period,  while  it  has  fre- 
quently been  produced,  both  1  y  arci  Iput  and  design,  direct  from  the  ore,  by  using  more 
or  leaa  air  in  the  operation  of  smelting  and  more  or  leas  carbon  (coal)  in  the  conversion 
from  ore  to  metal. 

The  most  economical  and  practical  ap[lieation  of  oxygen  for  the  de carbonization  of 
caat  iron  ia  when  the  metal  is  fluid  and  direct  from  the  blast-furnace.  It  can  then  be 
changed  from  a  carburet  to  a  soft  iron  by  the  process  of  oxidization,  or  by  burning  out 
the  carbon  by  passing  air  through  the  fluid  mass  at  high-pressure.  Thia  process  is  the 
same  in  effect  as  that  which  is  produced  in  the  puddling-furnace  with  bo  much  more 
labor  and  cost.  By  that  process,  however,  the  pig  metal  ia  remelted  (as  it  ia  frequently 
done  in  this)  and  the  fluid  mass  is  exposed  fo  currents  of  flame  and  air  passing  over  the 
surface  by  constant  stirring,  as  formerly  described.  By  the  pneumatic  process  the  air 
18  blown  with  great  force  up  through  the  molten  metal,  and,  of  course,  accomplishes 
the  same  object  more  completely  and  with  much  greater  economy. 

The  great  difficulty  has  been  in  the  mechanical  appliances  for  effecting  this  purpose, 
and  the  experience  required  for  the  proper  regulation  of  the  blast,  the  time  of  deoxidi- 
zation,  and  the  improvement  of  the  products  by  the  requisite  admixture  of  manganese, 
which  is  a  neceasitj,  for  the  production  of  good  iron  or  ateel. 

A  great  many  patents  have  been  obtained  in  this  country  and  Europe  for  the  employ- 
ment of  air,  steam,  or  gas  ia  the  deoxidization  of  cast  iron.  But  we  do  not  think 
any  patent  can  cover  a  process  which  has  been  in  use  for  ages.  The  mechanical 
means,  however,  of  applying  ajr  to  this  purpose  is  open  to  competition,  and  always  has 

Henry  Bessemer,  of  England,  has  been  the  most  successful  in  this  application,  and 
deserves  great  credit  for  the  practical  manner  ia  which  ho  has  accomplished  the  great 
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tevoluticm  in  the  manufacture  and  use  of  steel  now  going  on,  liy  which  it  way  become 
lesa  valuable  tliaa  pure  iroa  in  regard  to  cost. 

THE   BESSEMER   AND   KELLY  PATENTS. 

The  Bessemer  patent  for  the  United  States  was  issued  November  11,  1856 ;  but  on 
a  trial  of  interference  at  our  Patent  Office,  between  Mr.  Bessemer  and  WUliam  Kelly, 
of  Eddytille,  Kentucky,  it  was  decided  that  Mr.  Kelly  vias  the  prior  inventoT,  aad  a 
patent  waa  accordingly  issued  to  him  on  the  20th  of  January,  1857. 

Measrs.  "Winslow,  Giiswold  &  Holly,  of  Troy,  New  York,  have  obtained  rights 
under  Mr.  Bessemer's  patents  for  the  United  States ;  while  the  Wyandotte  Steel  Com- 
pany of  Detroit,  Michigan,  are  operating  under  tie  Kelly  patent.  Between  tiiese 
parlaes,  or  rather  between  Mr,  Bessemer  and  Mr,  Kelly,  an  important  law-suit  is  now 
pending,  ivhich  will  determine  the  priority  and  relative  rights  of  the  patentees,  and 
perhaps  fix  the  tithe  or  tribute  which  our  steel-manufacturcra  must  pay  to  England  for 
the  next  generation. 

It  is  now  nearly  ten  years  einee  we  first  saw  Mr.  Kelly's  procesiB  tried,  and  it  waa 
then  acknowledged  practical  aad  valuable;  but  the  -uncertainty  of  the  manufacturing 
interests,  and  the  slight  encouragement  given  to  our  iron-industry,  had,  and  has,  so 
crushed  its  spirit  of  enterprise  that  but  few  of  our  iron-masters  are  willing  to  risk  the 
espense  of  adopting  now  improvements,  and  none  that  cared  to  OJtperiraent  with  new 
inventions  until  they  are  forced  to,  as  in  the  present  instance,  by  the  developments 
■which  inreation  and  improvement  have  made  in  Englaad. 

We  must  either  stop  manufacturing  steel  or  follow  her  example,  aad  even  then  we 
cannot  make  steel  in  competition  with  her  cheap  labor,  perfected  improvements,  and 
vast  capital.  Nothing  will  avail  ua  but  tlie  protection  afforded  by  war  or  tariffs,-  and  no 
sensible  man  will  court  tlie  former  when  the  latter  is  SO  much  more  available,  econo- 
mical, and  safe ;  but  better  the  former  than  no  protection  t»  oar  industry. 

The  following  letter  from  the  Superintendent  of  the  Wyandotte  Company  of  Detroit, 
in  relation  to  the  manufacture  of  steel  by  the  Kelly  process,  under  rights  granted  by 
our  Patent  Office,  after  a  full  eonsideralion  of  the  priority  of  invention  and  relative 
claims  of  botli  Kelly  and  Bessemer,  demonstrates  p  i't'  lly  th  t  we  re  unde  no  obli 
gation  to  swell  the  vast  revenues  of  Bessemer  j.y  btteEglnd  Th  nn 
tion  of  Josiah  M.  Heath  made  the  pneumatic  i  p  a<.t   al  a  d  ally  th      nlj 

original  and  sci^tific  part  of  the  inrention :  th  b  qu  nt  p  t  n  a  m  ly 
meebaaical,  aud  there  are  many  ways  of  aoo  mjlhgh  bjt  BtB  m 
pays  no  royalty  to  the  heirs  of  the  unfortunat  H  ath  Th  te  1  manufa  tu  rs  f 
Sheffield  pirated  his  patent  rights,  and,  though  th  mad  f  tj  p  at  ly  the  p 
ration,  they  confederated  for  the  purpose  of  defrauding  the  truly  worthy  inventer ;  and 
though  Englaad  has  saved  many  millions  of  pounds  per  annum  by  this  original  iaven- 
tion,  she  gave  no  reward  to  the  man  who  rendered  her  so  important  and  valuable  a 
service,  and  has  turned  a  deaf  ear  to  the  prayers  of  his  family. 

Tlie  researches  and  inventions  of  the  scientific  and  able  Mushel  have  also  rendered 
great  and  ifiiportant  service  to  the  pneumatic  process  now  known  in  England  as  tho 
"  Bessemer,"  by  his  experiments  to  ascertain  the  proper  alloys  and  combination  of 
other  metals  with  iron  to  give  it  the  necessary  quality  for  the  production  of  steel.  But 
Mr.  Bessemer  entirely  ignores  the  claims  of  Muehct,  and  treats  him  as 
treated  Heath. 
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■'WvAN-LOTTE,  MICHIGAN,  Octoljcr  27,  1803. 
"  Btjrd  Patterson,  "Rsq.,  Pottsville,  Pa. 

"Yesterday  1  received  a  letter  from  Mf ,  E.  Yardlej,  in  wiiieli  he  tells  mo  you  are 
mucli  ioterested  ia  the  pneumatic  prooeaa  of  making  steel,  and  desires  me  to  write  jou 
on  the  subject. 

"I  do  this  with  much,  pleasure,  and  regret  that  I  am  compelled  to  be  somewhat  re- 
strained and  guarded  in  my  statements. 

"But  an  important  suit  is  about  taking  place  in  regard  to  the  different  claims  of 
patents  on  the  process,  and,  as  the  parties  by  whom  I  am  now  employed  arc  largely 
interested,  I  am  not  at  liberty  to  write  as  freely  as  I  should  like.  Kelly  of  America 
and  Bessemer  of  England  both  have  patents  on  the  process  in  this  country.  The  works 
at  this  place  are  carried  on  under  Kelly's  license ;  while  the  establishment  of  Messrs. 
Winslow,  Griswold  &  Holiy,  at  Troy,  N.  Y.,  is  conducted  under  rights  purchased  from 
Bessemer.     Which  of  the  two  has  the  best  claim,  time  must  decide. 

"At  these  works  wc  have  one  three-ton  converter,  which  has  been  in  use  about  a 
year ;  and  we  are  now  putting  up  another  of  like  size. 

"  Since  I  have  had  charge  of  the  works  I  have  taken  the  metal  direct  from  the  blast- 
fiimaoe,  the  converter  being  in  the  furnace-casting  house.  We  run  the  iron  into  a  large 
ladle,  and,  i^ter  weighing,  hoist  it  with  rotary  engines  and  pour  into  the  converter.  The 
blast  is  then  turned  on,  and  kept  at  a  pressure  of  about  15  pounds  and  a  velocity  of  300 
cubic  feet  per  minute.  This  blowing  is  continued  until  the  carbon  is  burned  out  of  the 
iron, — the  length  of  time  required  being  governed  by  the  grade  of  iron  treated,  and 
ranging  from  18  to  S6  minutes,  when  a  certain  proportion  of  melted  Frankliniie  pig 
from  New  Jersey  is  run  into  the  converter  and  mised  with  the  decarbonized  metal. 
This  gives  it  the  right  proportion  of  carbon  and  manganese.  This  part  of  the  process 
was  invented  by  Mushet  of  England.  After  mising  the  two  metals,  the  contents  of  the 
converter  are  poured  into  a  ladle,  from  which  it  is  tipped  into  cast-iron  ingot-moulds, 
from  which  the  steel  is  removed  when  cold  and  is  ready  to  bo  forged.  By  using  the 
metal  direct  from  the  blaat-furnace  I  save  the  fuel  necessary  for  remelting  the  iron,  and 
the  waste  incident  in  that  process,  while  I  am  able  to  produce  just  as  fine  a  quality  of 
steel  as  is  made  at  any  otiier  pneumatic  worts.  I  am  sorry  that  the»distance  prevents 
my  sending  you  some  specimens  of  the  steel ;  it  is  very  peculiar  in  its  character,  and 
for  very  many  purposes  is  very  valuable.  While  it  will  weld  firmly  at  a  sand  heat,  it 
will  take  a  good  temper ;  it  is  very  strong  and  stiff,  while  it  will  bend  double  when  cold 
without  showing  a  flaw.  This  fits  it  for  all  kinds  of  machinery  where  strength  is  re- 
quired ;  and  the  fact  that  you  obtain  work  without  any  welds  renders  it  much  safer 
and  lasting.  Its  being  so  much  stronger  than  iron  will  allow  it  to  be  rolled  into  boiler- 
plate that  is  much  thinner  than  ordinary,  and  thus  save  in  weight  and  fuel. 

"  The  selling  price  in  England  is  three  times  that  of  the  same  articles  in  iron :  at 
leasts  this  ia  so  to  the  best  of  my  information.  Our  works  are  not  running  just  now,  as 
I  stopped  on  last  Monday  for  the  purpose  of  pushing  ahead  the  addition  and  improve- 
ments, which  I  hope  to  hare  finished  about  the  1st  of  December. 

"  We  have  one  of  McKeniie's  cupolas,  in  which  we  can  melt  iron  for  the  process 
when  the  blast-furnace  is  not  working  well  or  when  we  wish  to  use  a  different  grade  of 
iron  from  that  made  here. 

"This  is  an  Americanism,  and  was  first  tried  at  these  works  in  last  June. 

"  The  Troy  manufacturers  have  since  adopted  the  same  plan. 
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"In  England  they  use  reverb eratory  furnaces  whici  require  about  one  pound  of  coal 
to  two  of  iron.     In  the  cupola  one  pound  of  coal  will  melt  from  eight  to  ten  of  iron. 

"  In  my  opinion,  this  process  is  certain  to  be  largely  introduced  in  this  country,  and 
while  the  dispute  about  the  patents  may  retard  its  development,  it  will  take  place  sooner 
or  later.  Very  many  of  our  irons  are  fitted  for  the  process.  The  kind  we  use  is  Lake 
Superior  charcoal.  Any  further  information  which  I  can  give  you  will  be  most  happiJy 
rendered.     I  remain 

"Tours,  truly, 

'■KOUEKT    W.   Hu_NT." 


THE   PNEUMATIC  PROCESS   OF   MANUFACTURING   STEEL  AND   MALLEABLE 
IRON   BY   THE   BESSEMER  PATENT   IN   ENGLAKD. 

The  following  ostraota  from  a  paper  recently  read  before  the  Mechanical  Section  of 
the  British  Association  by  Henry  Bessemer,  on  his  process  of  manufacturing  steel,  will 
'  illuBtrate  the  subject  fuily,  and  present  to  our  readers  a  clear  exposition  of  the  me- 
chanical means  now  employed  and  the  mechanical  difficulties  through  which  they  were 
obtained ; — 

"On  the  13th  of  August,  1856,  the  author  had  the  honor  of  reading  a  paper  before 
the  Mechanical  Section  of  the  British  Association  at  Cheltenham,  This  paper,  entitled 
'The  Manufacture  of  Malleable  Iron  and  Steel  without  Fuel,'  was  the  first  account  that 
appeared  shadowing  forth  the  important  manufacture  now  generally  known  as  tlie 
Bessemer  process. 

"It  was  only  through  the  earnest  solicitation  of  Mr.  George  Hennie,  the  then  Presi- 
dent of  the  Meehamioal  Section  of  this  Association,  that  the  invpntion  wai,  at  that 
early  stage  of  its  development,  thus  prominently  brought  forward;  and  when  the 
author  reflects  on  the  amount  of  labor  and  the  espenditure  of  time  and  money  that 
were  found  to  be  still  necessary  before  any  commercial  results  from  the  working  of  the 
process  were  obtained,  he  has  no  doubt  whatever  but  that,  if  the  paper  at  Cheltenham, 
had  not  then  been  read,  the  important  system  of  manufacture  to  which  it  gave  rise 
would  to  this  hour  have  been  wholly  unknown, 

"The  diagram  shows  in  section  the  original  fixed  converting-vessel,  as  patented 
and  erected  in  London  for  experimental  piirposes  in  1856.  It  will  be  observed  that  the 
tuyers  were  passed  through  the  sides  of  the  vessel  in  a  horizontal  direction ;  the  result 
was  that  the  blast  of  air  entered  only  a  short  distance  into  the  fluid  mass,  and  much  of 
it  escaped  upwards  between  the  sides  of  the  vessel  and  the  metal.  The  eSect  of  this 
waa  the  rapid  destruction  of  the  brick  lining,  caused  by  the  excessive  temperature , 
generated  in  the  process  and  the  solvent  property  of  the  resulting  sileate  of  protoside 
of  iron,  which  sometimes  destroyed  a  lining  of  half  a  brick  in  thickness  during  the 
blowing  of  two  charges  of  metal  for  about  twenty  minutes  each.  Another  difficulty 
arose  from  the  impossibility  of  stopping  the  process  without  running  out  the  metal ;  for 
if  the  blowing  ceased  for  one  instant  the  fluid  metal  would  run  into  the  tuyers  and 
stop  them  up. 

"A  great  inconvenience  of  the  fixed  vessel  also  arose  from  the  danger  and  difficulty 
in  tapping  ont  the  fluid  malleable  iron  with  a  bar,  after  the  manner  of  Lapping  an  ordi- 
nary cupola-furnace;  for  the  blast  had  to  be  continued  during  the  whole  time  the 
charge  was  running  out  of  the  vessel,  in  order  to  prevent  the  remaining  portions  from 
entering  the  tuyers.  A  similar  difficulty  arose  while  running  in  the  crude  metal  from 
the  melting-furnace,  since  it  was  necessary  to  turn  out  the  blast  before  any  metal  was 
run  into  the  vessel:  the  first  portions  so  run  in  were,  in  consequence,  partially  decar- 
bonized before  the  whole  of  the  crude  metal  had  left  the  melting-furnace. 

"These  were  among  the  more  prominent  difficulties  that  had  to  be  remedied.    It  is. 


ab,Google 


(i40  THE   ULABOEATION    OF   IltOSi    AND    STEEL, 

however,  satisfactory  to  know  that  even  in  this  ita  infant  state  the  process  and  appa- 
ratus were  practicallj  successful,  in  proof  of  whiuh  tliere  ia  placed  upon  the  table  part 
of  a  malleable  iron  railway-bar  made  from  pig  iron,  at  Baxter  House,  by  blowing  air 
through  it  in  the  apparatus  just  described,  the  fluid  malleable  iron  haying  been  run 
into  a  1 0-inch-square  ingot-mould  and  the  bloom  so  made  rolled  direct  into  the  bar 
shown.  Tlia  small  malleable  iron  forged  gun  will  serve  as  an  example  of  the  clear- 
ness and  freedom  from  cracks  or  flaws  in  malleable  iron  so  made  and  forged  under  the 
steam-hammer.  It  is  one  of  the  early  productions  of  the  process,  and,  like  the  mal- 
leable iron  r^I,  was  made  wholly  without  any  recarbonizing  of  the  metal  or  the  em- 
ployment of  spiegeleisen  or  manganese  in  any  form  whatever.  Malleable  iron  so  made 
from  hematite  pig  iron  is  red  short,  like  all  other  wrought  iron  made  wholly  from 
hematite;  but  that  it  is  perfectly  malleable  and  extremely  tough  when  coWmay  be 
seen  on  examination  of  the  iron  rope  exhibited,  which  consists  of  four  rods  of  IJ-inch 
round  iron  twisted  cold  into  a  close  coil.  These  bars  extended  13  inches  in  length  in  4 
feet,  and  were  reduced  nearly  i  inch  in  diameter  in  the  operation  of  twisting,  thus 
showing  that  malleable  iron  ao  made  possesses  an  extraordinary  degree  of  ductility. 

"  It  may  be  remembered  that  an  important  part  of  the  process,  as  described  at  Chel- 
tonh  m  ■  18'6  consisted  in  tapping  the  fluid  crnde  iron  from  the  blastrfurnafle,  and 
allo\  g  t  t  fl  w  direct  into  the  converting-vessel  and  be  there  blown  to  ihe  extent 
only    f  d        bOn  it  so  far  as  to  produce  cast  steel.     This  part  of  the  original  pro- 

gram h  b  m  st  successfully  carried  out  in  Sweden,  where  an  extensive  esta- 
blishm  t  f  t  m  nufacture  has  been  erected  by  M.  Goranson,  of  GeHo.  The  large 
steel  1         w  pi  te  exhibited  is  an  example  of  the  conversion  of  crude  cast  iron  run 

dire  tf  m  th  \l  t-lurnaoo  into  the  coovorting-vessel  and  there  blown  for  nine  minutes, 
in  wh  h  p  1  t  1  d  been  converted  into  cast  steel  of  the  desired  quality,  and  was 
then  p         1      t  ingot-mould  without  being  recarbonized,  and  wholly  without  thu 

empl     m     t    f    p    t,  loisen  or  manganese  in  any  form  whatever.* 

"With  these  few  illustrations  of  the  capabilities  of  the  process,  as  originally  de- 
scribed at  Cheltenham,  the  auflior  will  proceed  to  show  how  the  disadvantages  of  tlie 
old  fixed  conTerting-ves«'l  were  remedied  and  other  improvements  introduced.  Mani- 
forms  of  converting-vessels  were  tried  on  the  large  scale  before  this  desirable  object 
was  attained.  In  some  of  them  the  lining  wn^  too  easily  broken  down  by  the  violent 
motion  of  so  heavy  a  fluid  as  iron ;  in  some  of  the  forms  tried  the  angles  allowed  the 
metal  to  solidify  in  thera,  and  so  clog  up  the  vessel ;  in  others  the  mouth  of  the  vessel 
being  too  small  caused  the  metal  to  be  thrown  out  by  the  force  of  the  escaping  blasi. 
It  was  also  found  that  if  the  mouth  was  t«o  large  the  heat  escaped,  so  as  to  cause  part 
of  the  converted  metal  to  solidify  in  the  vessel ;  the  relative  height  and  diameter  of  the 
vessel  was  also  found  to  produce  important  differences  in  the  working  of  the  process. 


Finally,  and  after  many  long  and  espensi 
adopted.  (See  figure  185.)  This  vessel  ' 
s  being  lined  up  with  a  pulverized 


trials,  the  form  of  vessel  shown  at  E 

made  in  two  parts,  so  as  to  admit  e 

ilicious  stone  known  as  'ganister,' which  S' 


resists  the  action  of  the  heat  and  slags  as  to  last  for  fully  100  consecutive  charges  of 
Bteei  before  it  is  worn  out.  Its  form  is  that  of  the  arch  in  every  position  which  pre- 
vents the  lining  from  falling  down  by  ita  own  weight.  There  are  no  angles  in  which 
the  splashes  of  metal  can  solidify  and  accumulate.  Its  mouth  directs  the  flame  and 
sparks  away  from  the  workman,  and  from  the  moulds  and  other  apparatus;  while  tbe 
throat  of  the  vessel,  and  the  position  of  the  mouth,  almost  entirely  prevents  the  throw- 
ing out  of  the  metal.  The  vessel  is  mounted  on  trunnions  supported  on  stout  pedestals, 
so  that  a  semi-rotary  motion  may  be  communicnted  to  it  at  pleasure.  The  tuyers  are 
placed  at  the  bottom  of  the  vessel,  so  as  to  force  the  air  vertically  upward  through  the 


imployed  must  Iiave  boea  prodLcoi  from  manganifero 
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metal,  as  shown,  ■without  coming  in  contact  with  the  sides  of  the  veaacl.  When  the 
crude  met&l  ia  to  be  run  into  the  vessel,  it  is  turned  on  its  axis  nearly'  into  the  position 
shown  at  C,  the  mouth  being  a  little  higher  up ;  a  gutter  will  then  conduct  the  crude 
cast  iron  from  the  melting-furnaee  into  it.  It  is  not  necessary  to  turn  on  the  blast 
until  the  whole  of  the  metal  is  run  in,  because  the  tuyers  oecupj  a  position  above  the 
loTel  of  it.  Ah  soon  ae  the  air  is  admitted  through  the  tuyers  the  vessel  is  turned  into 
the  position  shown  at  B,  when  its  decarbonization  immediately  commences.  As  soon 
aa  this  is  effected,  aa  much  molten  pig  iron  made  from  spathose  iron  ore  ia  added  to  it 
aa  will  restore  the  quantity  of  carbon  necessary  to  produce  the  desired  quality  of  steel, 
which  ia  then  run  into  the  casting-ladle  in  the  manner  shown,  and  from  whence  it  is 
transferred  to  a  series  of  iron  moulds  ranged  in  a  semicircular  pit,  each  mould  being 
placed  within  the  sweep  of  the  casting-crane.  The  fiOing  of  these  moulds  ia  regulated 
by  a  cone-valve  made  of  fire-clay  and  fitted  in  the  bottom  of  the  easting-ladle,  so  as  to 
be  opened  or  shut  at  pleasure  by  means  of  a  handle  on  the  outside  of  the  ladle. 

"  '  It  will  be  readily  understood  that  in  the  flaed  vessel  first  described,  any  giving  way 
of  a  fire-clay  tuyer  would  atop  the  process  and  cause  much  inconvenience;  but  with 
the  movable  vessel  it  is  not  so,  for  at  any  moment  of  time  during  tlie  process  the  vessel 
may  he  turned  on  its  axis  and  the  tuyere  raised  above  the  level  of  the  metal ;  the  blast 
may  then  be  turned  ofi',  the  tuyer-bos  opened,  and  the  faulty  tuyer  stopped  up  or 
removed,  after  which  the  process  may  be  again  resumed.  The  movement  of  the  vessel 
OD  its  asis,  the  rise  and  fall  of  the  casting-crane,  and  the  other  cranea  employed  for 
removing  ingots  from  the  casting-pit,  are  all  effected  by  a  simple  hydraulic  apparatus, 
so  that  the  whole  process  is  under  the  perfect  control  of  a  single  operator,  placed  far 
away  from  the  heat  and  showers  of  splashes  that  accompany  the  process. 

'■ '  Up  to  this  period,  the  manufacture  of  cast  steel  by  the  old  as  well  aa  the  new  pri> 
0699  is  still  ao  far  imperfect  that  steel  of  the  highest  quality  cannot  be  made  from  infe- 
rior iron.  In  the  old  Sheffield  process,  the  original  quality  of  the  Swedish  charcoal  iron 
employed  governs  the  quality  of  the  cast  steel  made:  consequently,  £36  per  ton  is 
freely  given  for  the  high-class  Danemora  iron,  while  other  brands  of  Swedish  char- 
coal iron  may  be  bought  for  £15,  In  either  case,  these  are  expensive  raw  materials  for 
the  cast^steel  maker. 

"  '  In  1839,  the  trade  of  Sheffield  received  an  enormous  impulse  from,  the  invention  of 
Jusiah  Marshall  Heath,  who  patented  in  this  country  the  employment  of  metallic  man- 
ganese, or,  as  he  called  it,  "  carburet  of  manganese."  The  addition  of  a  small  quantity 
of  this  metal,  say  from  one-half  to  one  per  cent.,  rendered  the  inferior  coie-made  irons 
of  this  country  available  for  mating  oast  steel;  it  removed  from  these  inferior  qualities 
of  iron  their  red-shortness,  and  conferred  on  the  cast  steel  so  made  the  properly  of 
welding  and  working  soundly  under  the  hammer, 

"  'Manganese  has  now  been  used  for  many  years  in  every  cast^teel  works  in  Europe. 
It  matters  not  how  cast  steel  is  made,  since  manganese  added  to  it  necessarily  produces 
the  same  beneficial  changes.  No  one  better  appreciated  tliis  fact  than  the  unfortunate 
Mr,  Heath,  as  evidenced  by  his  patent  of  1839,  in  which  he  declares  that  his  invention 
consists  in  "the  use  of  carburet  of  manganese  in  any  process  whereby  iron  is  converted 
into  oast  steel,"  Had  Heath  seen  in  his  own  day  the  Bessemer  process  in  operation,  he 
oonld  not  have  said  more:  he  well  knew  the  effect  produced  by  manganese  on  steel,  and, 
therefore,  claimed  its  employment  ia  any  process  whereby  iron  is  converted  into  cast 

"  'In  the  Mining  Journal  of  September  24,  1853,  just  four  years  before  the  first  of 
Mr.  Mushet's  series  of  patents,  a  letter  was  published  on  the  subject  of  Heath's  inven- 
tion. The  writer  of  that  letter  says,  "I  am  a  steel-maker,  and  deny  that  steel  was 
ever  made  with  the  addition  of  carbon  and  manganese,  or  carburet  of  manganese,  pre- 
viously to  Heath's  invention,  and  I  confidently  assert  that  no  cast-steel  maker  can  now 


n  by  Cookie 


642  THE   ELABORATION   OF  lEON  AND  STEEL, 

carry  on  hh  business  to  profit  without  the  aid  of  carburet  of  manganese."  "There  are," 
he  aajB,  "a  hundred  methods  of  improving  steel  with  manganese,  but  they  all  involve 
the  same  principle.  Put  carbon  and  manganese  into  the  steel-pot  in  any  form  you 
please  and  at  any  time  you  like,  and,  if  the  steel  be  thoroughly  melted,  the  carburet  of 
manganese  melts  alio  and  is  liloyed  and  the  improvement  is  unerringly  effected,  and 
by  the  use   in  every  mstance  of  carburet  of  mangancie 

"At  the  Euggeition  of  the  aithjr  a  works  for  the  production  of  manganese  alloys 
was  ere  ted  bj  Mr  Henderson  at  &la«g  w  who  now  makes  a  very  pure  alloy  of  iron 
and  manganese  cont-unmg  frc  m  twenty  five  to  thirty  [  er  cent,  of  the  latter  metal,  and 
possessing  many  advantages  over  sp  egeleisen  whii,h  it  wiO  doubtless  replace.  Two 
bright  rtds  of  If  mch  diameter  will  bo  found  on  the  table:  they  were  folded  up  cold 
under  the  hammer  This  extremely  tough  metal  is  made  by  using  Mr.  Henderson's 
alloy  in  1  e  I  of  spiegeleisen   which  is  incapible  of  making  steel  of  such  a  quality. 

"  A  Prussian  gentleman  M  Ptp  ger  has  been  als  successfulio  manufacturing  a  new 
alloy,  which  he  calls  ferro  manganese,  consisting  of  sisty  to  eighty  per  cent,  of  metallic 
manganese.  It  is  extremely  useful  in  making  malleable  iron  by  the  Bessemer  process, 
in  which  spiegcloisen  cannot  be  employed  on  account  of  the  large  proportion  of  carbon 
it  contains. 

"'It  is  supposed  that  there  is  not  one  spot  on  any  railway  in  Europe  whore  the  amount 
of  traffic  equals  that  at  the  Chalk-farm  bridge  at  Camden  Town.  At  this  spot  there  is  a 
narrow  throat  in  the  line,  from  which  converges  the  whole  system  of  rails  employed  in 
the  London  termini  of  this  groat  railway,*  Here  all  passengers,  goods,  and  coal-traffio 
have  to  pass;  here,  also,  the  making-up  of  trains  and  shunting  of  carriages  is  con- 
tinually going  on.  At  this  particular  spot  two  steel  rails  were  flsed  on  May  2,  1862,  on 
one  side  of  the  line,  and  two  new  iron  rails  were  on  the  same  day  placed  precisely  oppo- 
site to  them,  so  that  no  engine  or  carriage  could  pass  over  the  iron  raih  without  passing 
over  the  steel  ones  also.  When  the  iron  rails  became  too  much  worn  to  be  any  longer 
safe  for  the  passage  of  trains,  they  were  turned  the  other  way  upwards,  and  when  the 
second  side  of  the  iron  rails  was  worn  as  far  as  the  safety  of  the  traffic  would  allow, 
the  worcout  rail  was  replaced  by  a  new  iron  one, — the  same  process  being  repeated  as 
often  as  was  found  necessary.  Thus  we  find,  at  the  dato  of  the  last  report  on  March  1, 
1B65,  that  seven  rails  had  been  entirely  worn  out  on  both  faces.  Since  then,  another 
rail  has  been  worn  out  up  to  July. 

"  'In  conclusion,  it  maybe  remarked  that  cast  steel  is  now  being  used  as  a  substitut* 
for  iron  to  a  great  and  rapidly  increasing  extent 

"  'The  jury  reports  of  the  International  Exhibition  of  1851  show  that  the  entire  pro- 
duction of  steel  of  all  kinds  in  Sheffield  was,  at  that  period,  35,000  tons  annually,  of 
which  about  18,000  ions  were  cast  steel,— equal  to  346  tons  per  week;  the  few  other 
small  east-steel  works  in  the  country  would  probably  bring  up  this  quantity  to  400  tons 
per  week  as  the  entire  production  of  cast  steel  in  Great  Britain,  The  jury  report  also 
states  that  an  ingot  of  steel,  called  the  "monster  ingot,"  weighing  24  cwt.,  was  ex- 
hibited by  Messrs.  Turton,  and  was  supposed  to  he  the  largest  mass  of  Steel  manu- 
factured in  England,  Since  that  dale  a  great  change  haa  been  made;  for  the  largest 
Bessemer  apparatus  at  present  erected  at  Sheffield,  at  the  works  of  Messrs.  John  Brown 
&  Co.,  is  capable  of  producing  with  ease  every  four  hours  a  mass  of  cast  steel  weighing 
24  tons,  being  twenty  times  larger  than  the  "  monster  ingot"  of  1851.t 

'"There  are  now  seventeen  extensive  Bessemer  steel-works  in  Great  Britain.  At  the 
worksof  the  BarrowSteel  Company  1200  tons  per  week  of  finished  steel  can  eaailybe  turned 
out,  and  when  their  new  converting-house,  containing  twelve  more  five 
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completed,  these  magnificent  ■works  will  be  capable  of  producing  weekly  from  2000  to 
2400  tons  of  east  steel.  There  are  at  preaent  erected  and  in  course  of  erection  in  England 
no  lesB  than  sixty  eonverting-vesaels,  each  capable  of  producing  from  three  to  ten  tons 
at  a  single  charge.  When  in  regular  operation,  these  vesaels  are  capable  of  producing 
fully  6000  tons  of  ateel  weekly,  or  equal  to  fifteen  t  ra      the  entire  production  of  cHst 


1  Great  Britain  before  the  introdu  t   i 


r  process. 


selling  price  of  this  steel  is  at  least  £20  p  ti  n  b  1  w  the  average  price  at  which  east 
ateel  was  aold  at  the  period  mentioned.  W  th  th  [  nt  means  of  produotion,  there- 
fore, a  saving  of  no  less  than  £6,240,000  p  annum  may  be  effected  in  Great  Britain 
alone,  eyen  in  tiiis  infant  atate  of  the  Bess  m  ste  1  ma  ufacture.' " — Londvn  Engineer, 
September  15. 

THE  MACHINERY  EEQUIEED  BY  THE  BESSEMER  PROCESS. 

The  Bessemer  process  is  exceedingly  simple.  The  whole  process  rests  upon  the  action 
which  a  strong  current  of  air  exerts  upon  the  elements  with  which  it  meets  when  forced 
through  a  mass  of  melted  pig  iron.  The  stirring  and  combastion  which  it  produces 
transform  certain  qualities  of  oast  iron  into  a  malleable  aietal  that  may  be  wrought 
like  cast  steel.  Tiie  Besaemer  process  is,  therefore,  a  method  of  refining.  The  opera- 
tion is  performed  in  a  large  egg-shaped  vessel;  the  cast  iron  is  poured  in  in  a  liquid  con- 
dition, and  then  the  air  is  forced  beneath  it  at  a  high  pressure.  The  metallic  mass  re- 
mains fluid  while  the  air  acts  upon  it.  The  resulting  malleable  product  is  obtained  ia 
certain  cases  by  stopping  the  air  while  the  process  is  yet  incomplete,  or,  more  generally, 
by  prolonging  its  action  until  the  iron  is  converted  into  a  sort  of  burned  or  o\er-rcflned 
mass,  and  then  transfurmiag  this  product  immediately  into  a  malleable  metal  by  means 
of  the  simple  addition  of  a  crystalline  and  steely  iron.  The  process  was  at  first  carried 
on  in  a  sort  of  fixed  oupola-fumace,  into  which  air  was  driven  by  tuyers  passing 
through  the  bottom;  but  on  account  of  the  trouble  caused  by  the  tuyers  clogging, 
another  arrangement  was  substituted,  where  the  vessel  in  which  the  process  is  executed 
is  called  the  converteT,  and  is  a  movable  egg-shaped  pot,  with  a  short  nock.  It  is  made 
of  plates  of  iron  riveted  iogefhor,  and  protected  inside  with  a  aheetingof  refractory  clay, 
12  inches  in  thickness.  At  about  the  height  of  its  centre  of  gravity  this  vessel  ia  sus- 
pended upon  two  trunnions,  to  which  are  geared  wheels  that  enable  the  apparatus  to  be 
turned  by  hand  or  by  machinery  on  a  horizontal  axis.  An  air-box  which  occupies  the 
lower  part  of  this  converter  communicates  with  the  interior  by  means  of  a  number  of 
small  holes  passing  through  the  fire-brick  bottom.  The  air  passes  from  tie  blowing- 
engines  through  a  hollow  trunnion,  thence  into  the  bottom  of  the  converter,  and  may 
be  thrown  in  small  jets  into  its  interior,  no  matter  in  what  position  the  vessel  may  be 
turned.  The  capacity  of  tie  converter  is  usually  from  five  to  six  times  the  amount  of 
the  cast  iron  to  be  treated.  The  throat  should  be  large  enough  to  let  out  the  gaaea  when 
the  proceas  is  in  operation,  and  to  enable  the  fluid  metal  to  be  poured  in  and  out  without 
danger  of  obstruction.  During  the  operation  of  converting,  the  mouth  of  the  converter 
passes  under  a  hood  of  sheet  iron,  which  carries  the  fumes  to  a  chimney.  When  tie 
operation  is  terminated,  the  converter  is  turned  over,  and  all  tie  metal  it  contains  is 
poured  into  a  ladle,  at  the  bottom  of  which  is  a  hole,  out  of  which  the  fluid  mass  can  be 
tapped.  The  metal  has  a  tendency  to  cool  rapidly,  and  must  be  poured  into  the  moulds 
soon,  and  with  care  that  it  shall  not  touch  the  walls  of  tie  mould.  In  order  to  accom- 
plish this,  a  hydraulic  crane  is  used,  of  which  the  pivot  is  a  piston  playing  in  a  cylinder, 
and  at  the  end  of  a  horizontal  arm  extending  from  this  pivot  is  fixed  the  ladle;  the 
moulds  are  placed  in  a  circle  around  the  pivot  at  such  distance  that  a  hole  in  tie 
bottom  of  the  ladle  can  be  brought  directly  over  the  centre  of  each  of  them  by  revolving 
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the  crane,  while  the  height  of  the  ladle  ihove  the  mould  may  be  fised  by  raising  oi 
lowering  its  piston-pivot  bj  hydraulic  power 

The   blowing-engines   are  of  various   j  nttirns      The   a^era^e  pressure  of  the  ail 


should  be  from  15  to  25  pounds  to  the  square  inch,  and  it  should  be  thrown  iuto  the 
converter  through  thirty-five  tuyers,  each  J  inch  in  diameter. 

It  is,  however,  always  best  to  have  a  considerable  surplus  of  power  in  the  blowing- 
apparatus.  When  the  cast  iron  is  not  taken  directly  from  the  blast-furnace  in  a  liquid 
state,  it  is  necessary  to  have  a  reverberatory  or  cupola-furnace  for  remelting  it:  this 
should  be  placed  at  such  a  height  above  the  level  of  (he  converter  that  the  liquid  iron 
will  flow  readily  from  the  former  into  the  latter.  It  may  be  elevated  in  ladles,  how- 
ever, to  the  converter,  as  done  at  the  Wyandotte  Works,  Michigan.  The  iron  should 
be  introduced  into  the  converter  as  hot  and  fluid  as  possible. 

THE  METUOD  OF  OPERATING  THE  MACHINERY  JL'ST  DESCEIBED, 

To  prodwee  Bessemer  or  Pnmimatie  Sied. 

During  the  treatment  of  cast  iron  in  the  Bessemer  apparatus,  the  operator  concen- 
trates his  attention  upon  the  following  poiute; — the  character  of  the  flames  and  sparks 
that  flow  from  the  mouth  of  the  converter;  the  character  of  the  smoke  that  rises  from 
the  top  of  the  chimney,  which,  by  reason  of  the  abundant  sparks  generated  in  the 
operation,  cannot  be  studied  below;  the  noise  of  the  cast  iron  in  the  converter;  the 
height  of  the  air-gauge,  which  indicates  the  pressure  necessary  to  force  the  air  from 
the  tuyers ;  and,  finally,  upon  the  duration  of  each  of  the  plienomena  of  the  process, 
and  the  total  duration  of  the  blowing. 

Let  us  watch,  for  an  example,  the  converting  of  a  charge  of  three  tons  of  red-hema- 
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tite  charcoal  iron  throngh  the  process  of  conTCrsion  into  etcel.  The  air  U  tilown  at  a 
presBure  of  20  pounds  to  the  square  inch. 

The  converter  is  first  heated  white-hot  before  the  metal  is  poured  in,  hy  filling  it  with 
coke,  and  blowing  into  it  gently  with  the  blast^engine.  The  coke  is  poured  out,  and  tho 
vessel  returned  to  its  erect  position;  the  metal  from  a  reverberatory  furnace  is  then  run 
by  a  trough  into  the  converter,  and  the  hiast  turned  on.  The  blowing  is  continued 
twenty-two  minutea,  until  over-refined  iron  is  produced.  The  Tessel  is  then  turned  to  a 
horizontal  position,  the  blast  stopped,  and  an  addition  of  7^  per  cent,  of  Fracklinite  or 
other  spathose  iron  containing  manganese,  in  a  fused  condition,  is  made ;  this  is  mixed 
thoroughly,  and  the  mixture  poured  into  the  ladle  above  described,  and  thence  into 
the  moulds.  In  looking  mote  closely  into  the  process,  we  may  divide  the  twenty-two 
minutes  during  which  the  blast  is  being  driven  into  the  fused  metal  into  four  periods. 

Mrst.  Lasting  seven  to  eight  minutes,  being  the  period  of  sparks,  and  until  flames 


Third.  Period  of  two  minutes,  of  detonations  and  eruptions. 

Fourth.  Period  of  four  or  five  minutes,  increase  of  amount  and  brilliancy  of  flamo 
until  tho  flame  falls. 


Upon  the  air  reaching  the  fused  metal,  large  numbers  of  sparks  are  projected  through 
the  neck  of  tho  vessel  and  info  the  chimney  by  the  violent  blast.  These  are  combustible 
particles,  that  burn  brilliantly  in  the  oxidizing  cutrenta.  The  chimney  as  yet  produces 
no  smoke.  The  noise  formed  in  the  converter  is  dry  and  crackling,  and  indicates  that 
the  metal  raised  by  the  blast  falls  ba^k  upon  itself.  The  noise  grows  gradually  into  a 
regular  and  dull  clappiDg.  The  iron,  during  this  period,  becomes  more  and  more  hot 
and  liquid.     The  combustion,  however,  is  accompanied  by  no  visible  flame. 

During  this  period  the  combustion,  which  causes  the  metal  to  grow  hotter  and  hotter, 
dees  not  appear  to  produce  any  combustible  gas.  The  current  flowing  from  the  con- 
Tetter  appears  to  bo  still  oxidizing,  since  the  spatks  continue  to  bum  in  the  midst  of 
the  current.  If  the  iron  is  poured  now,  it  baa  the  .appearance  of  pig  partly  refined 
and  having  lost  but  little  in  weight.  These  facta  lead  us  to  believe  that  a  part  of  the 
oxygen  passes  through  the  iron  uncombined,  and  that  the  combustion  is  caused  by  tho 
oxidation  of  a  body  more  oxidizable  than  iron,  without  attacking  sensibly  as  yet  the 
carbon  or  the  iron.  Tho  sparks  are,  indeed,  aa  characteristic  of  the  combustion  of 
Hilioum  and  metallic  manganese,  as  of  iron. 

We  may,  then,  conclude  that  the  heat  at  the  beginning  of  the  opetation  ia  furnished 
by  the  oxidation  of  a  body  more  combustible  than  iron;  that  the  carbon,  if  it  burns  at 
all,  produces  carbonic  acid  gas;  and  that  the  temperature  of  the  mass  is  not  high 
enough  to  absorb  all  the  oxygen. 


The  sparks  diminish  and  are  masked  anl  replaced  by  flame.  At  sis  or  seven 
minutes  a  red  dull  shDrt  fltme  begins  to  'ihow  itself;  at  eight  minutes  it  is  more  dis- 
■tinot,  and  begins  to  be  ^plbwish  and  bi  ght.  At  first  only  a  few  inches  long,  it 
gradually  griws  to  b  three  feet  m  Iwigth  About  the  middle  of  the  period,  a  dart- 
like flame  shows  ifielf  at  the  threat  cf  the  LOnverter,  resembling  the  flame  of  a  candle, 
and  continues  during  the  remainder  of  this  and  a  part  of  the  following  period.  The 
noise  in  the  c  tivert  r  becomes  drier  and  drier  and  less  petceptible,  amd  is  replaced  by 
a  sound  like  the  form  ition  of  innumerable  bubbles  of  gas.  No  smoke  yet  issues  from 
the  chimney.    The  back-pressure  of  the  air  diminishes. 
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During  the  second  period,  the  presence  of  a  flame  like  tliat  of  a  candle  proves  that 
the  combustion  of  carbon  is  followed  by  tho  production  of  carbonic  oxide,  and  the 
osjgen  ia  now  entirely  absorbed  by  the  combustible  matter  in  the  fluid  mass,  since  tho 
jet  of  gas  at  the  mouth  of  the  oonyerter  burns  only  on  the  surface  when  it  comes  in 
contact  with  the  air. 


The  flames  remain;  strong  detonations  take  place  in  the  apparatus;  they  are  accom- 
panied by  the  projection  of  viscid  portions  of  the  interior  mass,  mised  with  metallic 
grains,  against  the  wall  of  tie  chimney,  The  flames  appear  more  clear  during  seyeral 
seconds  after  each  explosion.  These  eiplosions  do  not  seem  to  be  essential  to  the  pro- 
cess ;  and  a  skilful  operator  will  at  length  succeed  with  most  irons  in  working  without 
them.  The  noise  produced  at  this  time  is  similar  to  that  of  a  fluid  mass  in  a  state  of 
yiolent  ebullition.  Much  smoke  now  issues  from  the  chimney.  At  this  period  the 
iron  bums  directly  and  its  combustion  is  very  lively.  Tho  oxide  of  iron  is  carried  off 
as  smofee,  and  the  loss  in  weight  is  considerable. 

The  iron  has  now  reached  a  period  when  it  is  somewhat  viscid,  having  been  refined 
till  it  ha^  reached  a  condition  of  malleability.  Bubbles  are  formed,  and  when  they 
receive  oxygen  and  carbonic  oaide  in  proper  proportions  they  become  esplosive. 


A  oalm  cow  succeeds.  A  long  white  flame  extends  from  the  mouth  of  the  converter. 
Soon  this  flame  experiences  an  entire  change.  It  becomes  torn  on  the  edges,  trembles, 
and  suddenly  falls,  as  though  the  blowing-engine  had  in  a  moment  lost  nine-tenths  of 
its  power.  Aft«r  this  fall  the  flames  are  not  bright,  and  much  smoke  issues  from  the 
converter.  The  operation  is  now  stopped.  If  it  be  continued,  there  will  be  a  rapid 
formation  of  silicate  by  the  fused  lining  of  the  converter  combining  with  the  osidiised 
metal,  and  ultimately  an  oily  fluid  silicate  of  iron  wil!  fill  the  converter. 

Practice  teaches  how  to  seize  the  exact  moment  to  stop,  that  the  required  degree  of 
hardness  maybe  produced.  It  is  always  a  delicate  point  todeterraine  the  exact  moment 
when  the  operation  shall  be  discontinued. 

When  the  flame  falls,  the  converter  has  within  it  a  very  fluid  metal  holding  much  gas 
in  solution,  which,  if  allowed  lo  cool,  is  not  malleable,  and  resembles  in  its  fracture 
what  is  known  as  "burned  iron."  The  action  of  the  blast  is  terminated  by  reversing 
the  apparatus  and  shutting  the  air-valve. 

During  the  fourth  period,  the  continuance  of  the  flame  proves  that  the  combustible 
gas  is  produced  in  abundance ;  but  the  cessation  of  detonations  shows  that  the  iron  has 
acquired  a  temperature  sufficiently  high  to  absorb  all  the  oxygen  thrown  into  it.  The 
combustion  of  the  last  portions  of  carbon  (probably  the  graphite)  appears  to  take  place 
indirectly  by  tlie  decomposition  of  the  oxide  of  ii'on,  free  or  combined.  The  iron  has 
become  almost  exclusively  the  combustible  substance.  Its  affinity  for  oxygen  inoreaaea 
with  its  temperature,  and  the  action  of  the  mass  is  in  favor  of  its  combustion,  in  prefer- 
ence to  the  sulphur,  the  phosphorus,  and  other  bodies  that  have  escaped  burning  at 
former  periods.  The  refining,  therefore,  can  be  carried  no  further.  The  flame  produced 
at  this  period  is  white  and  brilliant:  it  falls  generally  when  the  last  partiolea  of  carbon 
have  disappeared. 

The  final  product  is  always  very  liquid.  The  slags  formed  towards  tho  last  of  the 
operation  run  easily,  are  glassy-black  without,  and  yellowish-greea  within. 

Seven  and  one-third  per  cent,  of  fused  spiegeleisen,  from  Siegen,  or  other  manganif- 
erous  iron,  melted  in  a  special  compartment  of  the  reverberatory  furnace,  is  then  intro- 
duced by  moans  of  a  small  crane  and  ladle.    The  addition  of  this  metal  always  pro- 


ci  by  Google 


THE    MANUPAOTCRE   OF  STEEL. 


647 


duces  a  tmnultuona  action,  which  ia  more  or  leas  Tiolent  in  proportion  to  the  amount  of 
air  that  has  been  driven  in,  and  varying  with  the  different  irons  treated. 

After  allowing  the  metal  to  mis  tiioroughlj,  it  maj  he  poured  into  the  ladle  on  the 
crane  without  turning  op  the  converter;  but  if  it  is  desired  to  make  tho  mixture  still 
more  complete,  it  may  he  done  bj  bringing  the  converter  again  to  a  vertical  position 
and  blowing  air  into  it  for  a  few  aeconds.  The  metal  is  then  poured  into  the  distributing 
ladle.  During  this  last  blast  the  flame  passes  from  rod  to  yellow,  and  the  same  phe- 
nomena are  seen  to  occur  in  rapid  succession  as  have  been  described  above. 

From  the  diatributing  ladle  the  diffused  metal  must  be  run,  before  it  cools,  into  the 
ingot-mould. 


COMPARATIVE   ECONOMY  OF   THE   BESSEMEU  OK   PNEUMATIC   PEOCESS. 

By  this  method  of  making  steel,  a  great  saving  of  fuel  is  secured.  The  product  ia 
in  a  cast  condition ;  and  hence,  in  comparing  it  with  tho  ceoientiDg  process,  we  will 
consider  the  espenditure  in  producing  ingots  by  each  plan. 

It  requires  for  1  unit  of  steel  2^  units  of  coal  to  produce  from  the  pig  the  cemented 
or  blister  steel;  and  for  1  unit  of  steel  2J-  nnita  of  coke  to  fuse  this  cement  steel,  and 
from  therefrom  ingot  cast  steel.  Supposing  tho  coke  to  represent  60  per  cent,  of  the 
original  coal,  we  have,  upon  addition,  7  units  of  coal  necessary  to  produce  1  unit  of 
common  cast  steel. 

In  the  pneumatic  process,  using  iron  directly  from  the  blast-furnace,  no  fuel  is  abso- 
lutely required,  except  what  may  be  necessary  to  lieat  the  interior  of  the  converter ;  tlio 
power  to  drive  the  blowing-machine  may  be  water.  To  heat  the  converter  requires  -p) 
of  a  unit  of  fuel  to  a  unit  of  steel. 

If,  however,  we  suppose  it  necessary  to  remell  the  cast  iron  in  a  reverberatory  fur- 
nace, it  requires  60  per  cent,  of  the  weight  of  iron,  in  coal  io  perform  this  office.* 
Hence  we  may  conclude  that  1  part  of  fuel  in  the  Bessemer  process  will  produce  as 
much  steel  as  6  or  7  parts  in  the  old  method  by  cementation,  and  that  hence  there  is  a 
saving  of  |  to  f  in  tie  amount  of  fuel  necessary. 

*  In  thB  cupola-furnace,  wblch  ia  An  American  improvemeat,  one  ton  of  good  flothradte  "wiil  melt  eight  tooa 


a  b,  Google 


C48 


THE    ELABORATION    OP   lEON   AND   STEEL. 


The  labor,  the  keeping  up  of  the  machinery,  the  consumption  of  fire-claj,  a 
smalt  in  amount  when  summed  np  and  compared  with  the  same  in  other  p 
At  Woolwich,  Bessemer  estimated  that  steel  could  be  sold  at  $34  per  ton  when  pig 
iron  was  costing  S18  per  ton.  Of  course,  this  proportion  -will  vary  with  different  coun- 
tries. The  chief  economy  is  in  the  fuel,  which  is  an  important  fact  t«  he  considered 
by  the  inhabitants  of  those  regions  where  fuel  is  dear  or  of  inferior  quality;  and  the 
process  may  lead  to  some  most  important  revolutions  in  the  iron-industry  of  tlie  world, 
by  transferring  the  business  to  regions  hitherto  unfrequented  hy  iron-manufaeturors. 

The  discovery  of  this  method  of  making  steel  was  peculiarly  opportune.  No  process 
ever  was  invented  at  a  moment  more  favorable  for  its  development.  The  metallurgic 
era  in  which  we  live  demands  vast  quantities  of  steel  in  large  masses.  We  have  left 
behind  ua  the  day  when  quality  alone  was  considered;  quantity  is  now  our  uppermost 
idea.  We  are  clamorous  for  processes  to  economize  time.  Thb  furnishes  the  most 
saJiguine  with  all  he  can  desire.  In  leas  than  an  hour  tie  liquid  cast  iron  can  be  con- 
verted and  drawn  into  merchantable  steel;  the  process  of  cementation  requires,  to  pro- 
duce the  same  results,  the  tedious  lapse  of  several  weeks. 

The  usual  method  supplies  ingots  of  from  40  to  80  pounds  weight,  which  only  by 
great  efforts  may  be  increased  to  several  thousand  pounds.  "With  this  plan  we  may 
cast  with  ease  an  ingot  of  10,000  pounds;  and  by  using  several  converters  at  the  same 
time,  masses  may  be  obtained  of  a  size  the  limits  of  which  we  cannot  assign.  Finally, 
nearly  all  the  movements  of  the  apparatus  may  bo  aecomplished  by  steani;  the  labor 
of  the  puddler  has  no  counterpart;  muscle  is  everywhere  supplanted  by  akiU;  man 
ceases  to  be  the  beast  of  burden,  and,  assuming  his  truer  sphere,  observes,  judges,  and 
directs. 


IMPROVEMENTS  IN  THE  MECHANICAL  MEANS  EMPLOYED. 

The  great  difficulty,  since  the  invention  of  Heath  In  1839,  has  been  in  the  application 
of  mechanical  means  to  effect  the  deearbonization  of  cast  metal  to  form  wrought  iron, 
and  the  recarbonization  to  form  steel.     The  means  employed  by  Mr.  Bessemer  are  the 


best  which  have  been  appl  ed  Vut  j  erhap«  not  the  best  that  may  be  applied.  There  is 
always  room  for  iuventi  n  and  Amer  tan  inventors  proverbially  lead  all  others  in 
mechanics.    Give  them  the  inducement  and  an  idea,  tell  them  what  you  want  and 
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what  you  wJH  pay,  and  if  the  reward  is  worthy  of  the  object  jou  will  bo  scire  to  realize 
jour  wishes. 

There  is  no  wider  field  for  inyention,  no  greater  reward  offered  to  industry  or  inge- 
nuity, than  may  be  found  in  the  full  development  of  our  resources  of  coal  ^d  iron,  and 
the  realization  of  their  wealth  by  science  and  art,  provided,  however,  that  our  domestic 
industry  is  protected  and  encouraged. 

This  globular  converter  is  a  decided  improvement  on  the  egg-shaped  converter,  bofh 
in  the  economy  and  effect  of  the  application.  The  blast-pipe  is  simple,  and  can  be  lowered 
into  ond  elevated  out  of  tie  converter  at  pleasure,  and  can  be  repaired  without  hin- 
drance to  the  operations,  which  cannot  be  done  in  the  egg  converter,  since  the  con- 
verter must  be  cooled  and  remain  idle  while  the  tuyers,  &c.  are  being  repaired.  The 
converter  being  spherical  has  more  surface,  and  the  metal  -will  espose  a  greater  surface 
and  a  less  depth  to  the  blast,  and,  consequently,  requiring  a  emaller  amount  of  pressure 
to  penetrate  the  liquid  mass. 

But  improvement  will  not  stop  at  this.  While  the  works  erected  by  Mr,  Bessemer  in 
England  exhibit  great  mechanical  skill,  substantial liy,  and  enormous  cost,  they  do  not 
manifest  the  ingenuity  which  generally  characterizes  American  inventions.  There  is 
an  evident  want  of  simplicity  and  economy  in  the' Bessemer  arrangements,  which  do  jiot 
admit  of  application  to  old  establishments  without  great  cost  and  alteration. 

The  great  first  principle  involved — that  of  blowing  air  into  molten  cast  metal — cannot 
be  secured  to  any  inventor,  since  it  has  been  in  use  for  ages;  but  the  mechanical  means 
of  applying  the  blast,  and  the  genera!  arrangement  of  the  apparatus,  are  as  open  to  in- 
vention and  improvement  to-daj  as  they  were  one  hundred  years  ago. 

RESUME. 

Having  briefly  traced  the  modes  and  means  by  which  iron  and  steel  have  been  elabo- 
rated from  the  ore  since  the  early  development  of  the  art  of  smelting  to  the  present 
time,  we  may  now  sum  up  the  facts,  and  thus  be  enabled  to  comprehend  more  clearly  . 
the  present  status  of  these  great  and  important  branches  of  our  manufacturing 
industry. 

1.  Rich  and  pure  iron  ores  will  always  produce  good  iron  in  the  blast-fumace  if  pure 
fuel  is  used;  and  charcoal  iron  is  always  superior  to  that  produced  by  mineral  fuel, 
because  charcoal  contiuns  less  impurity  than  the  best  mineral  coal. 

2.  All  ores  must  go  through  a  process  of  torrefaction  and  oxidization  before  they  can 
be  successfully  smelted  or  reduced  to  iron ;  and  the  smallertlie  particles  of  ore,  and  tlie 
more  intimately  these  can  be  brought  in  contaet  with  carbon  under  a  strong  heat,  the 
sooner  and  more  thoroughly  will  this  process  be  completed.. 

3.  The  principle  applied  in  the  hlasfr-Yurnace  for  tie  reduction  of  ores  to  cast  iron  is  the 
simplest  and  most  economical  that  has  yet  been  made  use  of  or  suggested,  and  it  seems 
impossible  that  any  better  mode  can  he  applied.  The  only  desirable  improvemente  we 
can  now  appreciate  are  the  preparation  of  the  ores  for  easy  and  full  deosidi nation,  the 
increase  of  temperature  in  the  blast  by  utilizing  the  furnace-gases,  and  the  use  of  the 
caloric  given  off  by  burning  coal  without  its  impurities. 

4.  The  decarbonization  of  cast  iron  while  in  a  fluid  condition  direct  from  the  blast- 
furnace by  the  use  of  air  blown  through  the  liquid  mass,  in  place  of  the  tedious,  costly, 
and  imperfect  process  of  puddling,  and  the  reoarbonization  and  purification  of  tho  iron 
by  tho  proper  admisture  of  carbon  and  manganese. 

The  modes  of  effecting  these  improvements  are  plainly  set  forth,  by  tho  requirements, 
while  the  means  are  simply  those  now  in  daily  use.  We  only  need  oombination  ahd 
^ilfiil  mechanism  to  develop  our  iron-industry  in  a  stato  of  perfection  to  our  present 
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comprehension ;  the  production  of  superior  irrouglit  iron  and  steel  from  good  ordinary 
ores  with  mineral  fuel  at  a  cost  but  little  exceeding  oaat  iron. 

The  limits  of  this  work  will  not  admit  a  full  illustration  of  those  improvements.  We 
have  far  osccedcd  tlie  space  originally  allotted  us  on  the  suhjeot  of  iron,  and  can  only 
add,  in  conclusion,  an  earnest  hope  that  our  brief  notice  may  not  only  aid  in  directing 
our  readers  to  the  accomplishment  of  the  desired  economy  in  iJie  development  of  our 
mineral  resources,  hut  encourage  such  legislation  as  will  lead  to  the  realization  of  their 
immense  wealth  at  an  early  day. 

The  statistics  of  iron  will  be  found  in  the  Appoadii. 
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PART  VII. 


CHAPTER    XXX. 

PETEOLEUM. — ITS  GEOLOGY,  DISTRIBUTION,  ETC. 

Trinidad— Cuba— Other  LmalitleB- 

-Natural  ProceBBBB— Anthracite  Coal 
1— FaTOrable  Conditions  for  the  Bs- 

lah— Persia— China— Distillation  of 

Petboleuk  ia  derived  from  the  Latin  woripetra,  a  rook,  and  oleum,  oil,  or  rock-oi!, 
and,  as  such,  his  been  known  and  used  to  a  limited  extent  for  ages.  It  is  also  known, 
aa  naphtha  which  howt-ver,  is  the  lightest  varietj  of  hydro-carhona  when  in  the  con- 
dition of  oil  But  the  conatituents  tf  petroleum  also  exist  in  the  condition  of  gas, 
chiefly  aa  a  oarburetted  hjdiogen  Li,rht  earburetted  or  bicarburet  of  hydrogen,  is  its 
most  volafale  character  In  this  condition  it  eonticts  of  one  equivalent  of  carbon  and 
two  of  hydrogen  mised  perhaps  with  a  small  proportion  of  other  gasea.  Hydrogen 
18  the  liglite&t  gis  known  an!  in  proportion  to  its  ■volume  in  connection  with  carbon 
will  be  the  don'jity  of  the  hydro-iaibm  Heavy  (.arburet,  or  proto-oarburet  of  hydro- 
gen, consists  of  one  equiralent  of  each.  This  gas  condensed  produces  naphtha,  which 
is  the  most  volatile  of  rock-oila;  yet  by  long  exposure  to  atmospheric  influences  it  tuma 
to  bitumen  or  asphaltum  by  the  evaporation  of  the  hydrogen  and  the  abaorption  of  a 
email  quantity  of  oxygen. 

Petroleum  is  essentially  a  compound  of  carbon  and  hydrogen.  The  lighter  kinds,  in 
their  native  condition,  consiat  of  nearly  equal  parts  of  carbon  and  hydrogpn;  but  by 
weight,  from  85  to  90  of  carbon,  and  from  10  io  15  of  hydmgen. 

Water  consists  of  one  volume  of  oxygen  and  two  of  hydrogen,  but  by  weight,  88.9 
of  oxygen  to  11.1  of  hydrogen,  Uader  a  high  degree  of  heat,  hydrogen  unites  with 
carbon,  but  under  intense  cold  it  unites  with  oxygen.  Ia  the  first  it  forms  gas  or  oil, 
and  in  the  last,  water  or  ice. 

Hydrogen  has  no  affinity  for  carbon  under  a  high  degree  of  cold:  in  fact,  they  seem 
to  exist  in  combination  naturally  in  a  atate  of  gas,  which  can  be  maintMned  only  by 
heat  or  coniiiiement.  If  liberated,  they  part  readily  in  the  temperature  of  summer. 
Naphtha  or  petroleum  cannot  be  confined  in  ordinary  barreh,  since  the  light  hydrogen 
will  find  a  way  out,  even  through  the  pores  of  the  wuud,  and  whon  exposed  on  the 
surface  of  water  or  within  the  influence  of  the  air  it  soon  becomea  bitumen  or  very 
heavy  oil. 

Thus,  we  find  tlie  hjdro-oarbona  in  many  formi,  ranging  from  the  lightest  gas  to  a 
heavy,  solid  substance,  Pirst,  we  aee  it  in.  the  siate  ot  gaa,  whith  is  its  normal  con- 
dition; then  as  naphtha,  or  gas  condensed  by  cold  and  the  loss  of  hydrogen.   Petroleum 
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is  only  a  hea\ior  oil  Lintammg  more  carl  n  tJian  naphtlia  and  le-s  1  jdrogen  as  we 
fiod  ftiUy  Psemplified  in  our    1  welli 

The  upper  oil  or  that  nearest  the  surfxco  is  alwava  the  heaviest  thirkpst,  and 
most  valuable,  Kimply  leoause  it  h^s  lost  a  great  part  of  ita  hjdroaen  and  beonme 
thiok  and  heavy  m  consequence  The  second  oils  or  thow  founi  benPith  the  third 
Bandroct,  in  Venango  county  Pennsjlvann  are  very  light  when  ftund  at  the  depth 
of  500  to  700  feet  lut  only  moderately  ""  at  tl  e  depth  of  200  to  oOO  The  same  oils 
in  the  Great  Kanawha  Valley   at  a  def  th    f  1500  feet  esi'Jt  as  gas  or  li^hi  naphtha 

Bui,  in  ■whatever  form  it  may  exist  in  Nature,  when  exposed  to  atmospheric  influences 
it  becomes  heavy  and  thick,  and  finally  a  solid,  by  the  evaporation  of  the  hydrogen 
and  the  consequent  condensation  of  the  carbon.  The  carbon  can  only  be  maintained 
in  a  state  of  vapor  or  gas  by  great  heat.  In  a  mean  or  low  temperature  it  forms  oil  in 
combination  with  either  hydrogen  or  oxygen ;  (?)  but  in  tlie  temporaturs  of  the  atmo- 
sphere, in  summer  or  wiiit«r,  it  parts  with  both  and  becomes  solid,  as  asphaltum, 
bitumen,  cannel  coal,  bituminous  coal,  anthracite,  and  diamond.  These  can  again  be 
resolved  by  heat  to  vapor,  and  in  connection  with  oxygen  they  form  carbonic  oxide  or 
carbonic  acid,  aJid  with  hydrogen,  carburetted  hydrogen  gas  or  hydro-carbon  oils.  If 
subject  to  heat  in  connection  with  the  atmosphere,  they  will  produce  the  first;  but  if 
exposed  to  subterranean  heat,— either  the  internal  and  volcanic  heat  of  the  earth,  or 
that  caused  by  great  depth  and  pressure, — the  latter  will  be  the  result. 

The  vapors  escaping  from  smouldering  volcanoes,  if  passed  up  through  water,  form 
oil  by  condensation,  as  many  instances  bear  witness. 

VOLCANIC  VAPORS,   GASES,  AND   OILS. 

At  Zante,  one  of  the  Ionian  Islands,  is  an  oil-spring  still  flowing,  which  was  men- 
tioned by  Herodotus  more  than  two  thousand  years  ago. 

In  the  north  of  Italy  petroleum  has  for  nearly  two  centuries  furnished  the  gas  for  lights 
ing  the  streets  of  Genoa  and  Parma;  while  at  Baku,  on  the  Caspian  Sea,  are  numerous 
springs  of  naphtha  issuing  from  the  crevices  of  volcanic  rocks.  Pits  or  wells  are  dug 
from  ten  to  twenty  feet  deep,  and  in  these  the  oil  is  gathered  as  it  issues  from  the  rooks. 

In  Judea,  in  the  volcanic  region  of  the  Bead  Sea,  oil  rises  through  the  water  and 
forms  bitumen  on  its  surface  by  the  evaporation  of  the  hydrogen;  and  at  the  hase  of 
Mount  Vesuvius  the  vapors  arising  from  the  smouldering  volcano  through  the  watera 
of  the  sea,  which  washes  its  base,  are  found  on  the  surface  as  naphtha,  or  rock-oil ;  while 
submarine  volcanoes  always  produce  oil  on  the  surface  of  the  waters  through  which 
their  vapors  ascend, 

THE   PITCH   LAKE   OF   TRINIDAD. 

This  celebrated  lake  of  petroleum,  pitch,  or  bitumen  is  found  on  the  highest  land  in 
the  island  of  Trinidad,  one  of  the  West  Indian  Islands.  It  is  supposed  to  be  three 
miles  in  circumference,  and  entirely  covered  with  a  crust  of  bitumen  or  pitch,  on  which 
men  or  animals  may  walk  with  safety  in  cold  or  cool  weather ;  but  in  hot  weatlier  it 
liquefies  and  becomes  soft  and  unsafe.  The  thickness  of  the  mass  has  not  been  ascer- 
tained, hut  it  is  known  to  be  of  great  depth.  This  lake  of  petroleum  is  in  a  volcanic 
rejpon ;  and  not  only  in  the  lake,  but  in  the  surrounding  rocks,  exist  fissures  containing 
liquid  petroleum,  which  arises  througli  the  waters  of  the  lake,  and,  of  course,  the 
fissures  in  the  rocks  below  and  around  it,  and  by  evaporation  or  the  loss  of  ite  hydrogen 
forms  pitch  or  bitumen  on  the  surface.  The  resulting  bitumen  when  cold  is  hard  and 
brittle,  resembling  anthracite  coal  when  broken,  by  its  conchoidal  fracture,  but  oon- 
t-ajns  more  earthy  impurities,  from  the  dust  and  floating  particles  carried  by  the  winds 
on  the  surface  of  the  lake. 
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Near  thia  lake  eiists  a  Butmarine  volcano,  whicli  occasionally  boils  up  and  produces 
large  quantities  of  petroleum,  which,  floats  oa  the  surface  of  the  water;  while  on  the 
other  BJde  of  the  island  a  second  volcano  prodnoes  oil  in  still  greater  abundance,  which 
by  eraporatJon  leaves  masses  of  black  and  brilliant  bitumen  on  the  surface  and  along 


ROCK-OIL  AND   KITUMES   OF   CUBA. 

The  so-called  chapapote,  or  bitumen,  of  Cuba,  whicli  is  mined  as  coal  and  often  desig- 
nated as  such,  occurs  in  the  fissures  of  the  rooks,  and  generally  at  right  angles  to  the 
strata,  demonstrating  its  origin  from  subterranean  vapors,  forming  oil  on  condensation, 
and  subsequently  bitumen  by  the  escape  of  its  hydrogen.  Flowing  springs  of  petro- 
leum still  esist  in  the  vicinity,  emanating  from  the  fissures  in  the  rocks,  which  esfend 
through  the  stratified  surface-rocks  to  the  metamorphic  and  plutonic  below.  The  rocks 
of  the  whole  island  seem  impregnated  with  bitumen,  and  petroleum  springs  are  found 
in  numberless  places;  while  the  bay  of  Havana  affords  bitumen  enough  along  the 
shores  to  supply  a  snfEciency  in  the  place  of  tar  for  the  purpose  of  caulking  and 
"paying"  the  ships  in  the  harbor. 


OTHER   LOCALITIES. 

Bitumen  and  petroleum  like  those  of  Trinidad  and  Cuba  are  also  found  near  the  city  of 
Maracaybo  in  Venezuela,  at  Murinda  in  New  Granada,  and  in  ntimeroua  volcanic  localities 
in  Meiico  and  California;  but  the  consistency  and  purity  of  the  resulting  bitumen  de- 
pend on  the  character  and  quantity  of  earthy  impurities  with  which  it  is  associated. 

A  description  was  given  t«  the  "War  Department  in  1844  of  a  small  lake  of  petroleum 
which  exists  in  Tesas.  This  take  is  about  one  hundred  miles  from  Houston.  It  is 
reported  to  be  filled  with  bitumen  which,  during  winter,  is  hard.  In  the  summer, 
petroleum  boils  iip  continually,  which  by  the-  evaporation  of  its  hydrogen  becomes 
bitumen,  and  hard,  black,  and  brilliant. 

All  the  localities  here  described  are  in  volcanic  re^ons,  and  the  oils  originate  in 
fissures  leading  from  smouldering  subterranean  fires,  or  from  volcanoes  direct,  and,  con- 
sequently, cannot  result  from  organic  remains  or  fossils  of  animals  or  plants,  since  none 
ever  existed  in  the  plutonic  rocks.  Those  hydro-carbons  must,  therefore,  result  from 
the  vapors  of  smouldering  subterranean  fires,  volcanic  heat,  or  the  chemical  action  of 
latent  heat  under  pressure  on  the  carbonated  rooks. 

It  is  a  well-known  fact  that  all  rocks  contain  more  or  less  carbon ;  and  we  do  not 
speoulate  in  assuming  the  original  constituents  of  tte  earth,  when  ia  its  liquid  con- 
dition, to  hold  a  largo  amouat  of  carbon,  as  the  chief  cause  of  its  caloric.  As  the 
carbon  escaped  in  vapor,  the  liquid  and  fiery  ball  began  to  form  its  rocky  crust, — at 
first  slowly  and  by  the  condensation  of  its  surface,  in  which  but  little  carbon  and  no 
bitumen  could  exist,  since  carbon,  hydrogen,  and  oxygen  were  held  as  vapor  by  the 
heat,  and  couid  not  condense  in  the  forms  in  which  it  now  esists  in  the  carbonated  or 
bituminous  rocks,  slates,  and  shales. 

But  when  the  crust  of  the  earth  grew  thick,  and  the  igneous  rocks  were  covered  by 
the  metamorphic,  the  radiating  heat  had  diminished  so  that  the  vapors  of  carbon  began 
to  return  to  the  earth  in  the  shape  of  carbonic  acid,  ia  limestones,  &c.  During  later 
periods,  the  vapor  of  cai'bon  which  issued,  and  stiil  issue,  from  the  internal  heat  of  the 
.earth  did  not  escape  entirely  ia  vapor,  but  became  condensed  while  arising  through  the 
thickening  crust,  in  connection  with  hydrogen,  and  formed  hydro-carbon  oil,  which,  in 
localities  having  the  requisite  conditions,  formed  coal;  in  others,  bituminous  shaie, 
aaphaltum,  bitumen,  &c.    But  in  localities  not  prepared  to  hold  it  ia  basia-shape,  the 
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oil  was  carried  away  by  tides  or  waves,  became  too  minutely  distributed  and  miaed 
witt  earthy  impurities  to  produce  distinct  masacs  or  beds  of  pure  bitumen  or  coal. 

After  tfie  formation  of  coal  in  our  great  basins,  the  production  of  those  subterranean 
gases  diminished,  and  those  produced  became  condensed  before  reaching  the  surface  in 
the  form  of  oil;  while  the  continual  contraction  of  the  rocky  eruist  of  the  earth  by  con- 
densation on  cooling  closed  its  pores  and  Assures,  and  sealed  much  of  the  oil  and  gas  in 
its  deep  cavities.  In  the  coal-fields  the  strata  grew  continually,  until  the  basins  in 
which  they  formed  wore  filled  to  their  brims,  mud  and  elays  extended  in  immense 
horiEons  from  edge  to  edge,  while  stratum  upon  stratum  of  sand  and  shale  and  coal 
added  thickness  to  thickness,  and  formed  a  scaled  and  impenetrable  cover  to  the  gases 
still  arising  from  the  lower  and  still  heated  rocks.  These  gases  accumulated,  and,  by 
their  great  tension,  forced  themselves  into  and  between  the  strata  wherever  a  lodgement 
could  be  found,  and  escaped  to  the  surface  in  the  form  of  gas  or  oil  through  every  fissure 
or  crack  presenting  the  means  of  escape. 

Wheu  we  examine  the  solidity  of  our  rocky  strata,  even  in  the  most  disturbed  and 
dislocated  localities,  it  seems  strange  that  gas  or  oil  should  find  a  way  to  the  surface- 
but  when  we  consider  the  tension  jn  which  these  subterranean  gases  must  exist,  we 
cease  to  wonder.  The  constant  generation  of  gas,  which  may  exert  several  thousand 
pounds'  pressure  to  the  square  inch,  under  a  surface  of  many  thousands  of  square  miles, 
would  lift  the  whole  bodily,  unless  vents  were  found  through  which  it  could  escape. 
When  large  fissures  exist,  through  which  petroleum  and  gas  escape  to  the  surface,  they 
invariably  become  fiUed  with  solid  bitumen  by  the  evaporation  of  its  lighter  and  more 
volatile  portions.  Thus,  in  West  Virginia  we  find  a  vein  of  bitumen  or  asphaltum 
existing  in  a  fissure  which  extends  across  the  strata  of  the  sedimentary  rocks  in  which 
it  exists;  while  in  Cuba  and  many  other  parts  of  the  world,  as  before  stated,  we  find 
the  same  resulting  bitumen  in  Assures,  lakes,  &c. 

It  may  be  possible  that  both  gas  and  oil  are  still  forming  to  a  limited  extent,  but  it  is 
scarcely  probable.  The  carbon  and  bitumen  of  the  rocks,  which  resulted  from  a  former 
excess  of  carbon,  may  now  yield  it  again  to  the  chemical  action  going  on  in  the  earth 
under  pressure  and  contact  with  water.  (?)  Water  could  not  penetrate  deep  into  the  earth 
when  the  rocks  were  in  a  heated  or  warm  condition,  but  would  evaporate  in  steam.  On 
this  part  of  oar  subject  we  do  not  propose  to  theorize,  since  there  is  no  natural  process 
on  which  to  form  a  theas  with  any  certainty,  or  which  can  be  demonstrated  by  existing 
faflts. 


GEOLOGY  OF  PETKOLEUM. 

We  have  offered  abundant  proof  of  the  production  of  petroleum  by  volcanic  heat,  and 
given  evidence  and  substantial  reasons  why  the  hydro-carbons  are  produced  by  the 
vapors  of  carbon  in  and  from  rooks  contaiping  no  trace  of  organic  or  fossil  remains. 

It  is  a  well-known  fact  that  charcoal  will  impart  its  carbon  under  heat  to  iron,  and 
that  it  escapes  in  vapor,  under  a  strong  heat,  without  the  ^d  of  oxygen;  but  that  it  will 
combine  with  oxygen  when  free,  or  with  hydrogen  when  in  contact,  and  in  a  state  of 
vapor.  It  is,  consequently,  as  natural  and  logical  to  assume  that  the  vapors  escaping 
from  the  smouldering  internal  fires  of  the  earth  or  from  volcanoes  should  unite  with  the 
hydrogen  of  water,  since  the  latter  must  exist  in  the  condition  of  steam  in  the  vicinity 
of  volcanic  heat  or  where  acted  on  by  hot  vapors,  though  it  would  naturally  condense 
on  passing  upwards  through  tiie  colder  water  near  the  surface;  but  the  vapor  of  carbon 
having  united  with  hydrogen  will  only  part  with  it  again  by  slow  evaporation  in  a  con- 
densing or  comparatively  cold  atmosphere. 

We  do  not  propose  in  this  connection  to  examine  every  known  locality  of  petroleum, 
or  account  for  its  existence  in  all  known  formations,  but  will  confine  ourselves  chiefly 
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tv  cte  geology  of  the  Appalachian  formations  and  their  deposits  of  petroleum.  In  the 
e:,ftmiuation  of  this  great  hasin  the  whole  suhject  will  he  presented,  and  tiie  conditionB 
ih  wliioh  petroleum  esists  generally  will  come  under  discuBsion. 

PETROLEUM   ROCKS   OF   THE   GREAT   BA8IN. 

\f(!  have  given  a  representation  of  both  the  ancient  and  modem  formation  of  the 
eastern  part  of  the  Great  Basin  in  figure  i,  Chapter  III.  In  this  figure,  the  dark  linoa 
unaerlying  the  white  rocks  which  support  the  coal  are  designed  as  the  Devonian  oil- 
bearing  rocks  or  strata  they  aie  thicker  in  the  engraving  than  the  proper  proportion, 
but  eihibit  corre  tly  their  position  from  the  steep  eastern  basins  under  the  anthracite 
coal-fields  t  tl  e  wilf  and  shallow  basins  of  Western  Pennsylvania  and  Ohio.  This 
picture,  however  is  an  imaginatne  one  and  only  given  to  illustrate  the  natural  pro- 
cesses by  which  the  Paleozoic  formations  of  the  Great  Basin  grew  into  present  shape 
and  form. 

Figure  117  m  Chapter  T'V  II  illustrating  the  Great  Basin  in  its  actual  or  present 
condition,  and  relative  deprec  ation  of  strata  westward,  conveys  a  general  idea  of  the 
subordinate  or  intPrmed  ate  baa  ns  and  the  succession  and  comparative  thickness  of 
the  BTieceeding  f  rmations  overlying  the  granita  and  composing  the  metamorphic  and 
Palajozoic.  This  refresentation  however  exhibits  the  formations  west  of  the  Alle- 
ghanies  to  the  Rouky  Mcuntains  while  figure  4  is  designed  to  illustrate  the  succession 
from  the  granite  of  the  East  and  the  Chesapeake  Bay  to  the  Ohio.  The  Devonian  oil- 
formation  it  shown  beneath  tie  sandstones  and  limestones  supporting  the  coal;  but  the 
relative  thickness  of  this  format  on  is  pr  portionallj  less  in  thickness  in  its  westward 
spread  than  represented  m  figure  117. 

Figure  2,  in  Chapter  II.,  represendng  the  Palmoaoic  column  in  the  vicinity  of  the 
anthracite  coal-fields,  gives  the  thickness  of  the  Devonian  rocks  from  the  Ponent,  or  old 
red  sandstone,  to  the  Meridian  or  Oriskany  sandstone  inclusive,  at  15,000  feet.  These 
rocks  include  tho  Catskill,  Chemung,  Portage,  Genesee,  Hamilton,  Marcellus,  Upper 
Helderherg,  Schoharie,  and  Oriskany,  of  New  York. 

In  Venango  county,  and  Western  Pennsylvania  generally,  the  Ponent  entirely  dis- 
appears, and  all  the  formations  thin  rapidly  in  that  direction,  and  the  probable  thick- 
ness of  the  Devonian  oil-rocks  in  that  locality  may  not  be  more  than  from  1000  to  150O 


feet  in  thickness.  In  Illinois,  and  the  Great  Central  coal-field  generally,  the  thickness 
of  the  formations  making  up  the  Devonian  is  not  over  300  feet,  as  shown  by  figure  128. 
In  Missouri,  within  the  same  coal-field,  it  is  about  the  same,  as  shown  in  figure  131. 
But  the  distance  from  tie  coal  or  surface  to  these  oil-bearing  rocks  is  much  greater  on 
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theGlreatKanawlia,  inWest  Vtrgmia,  ia  Illinois,  and  Missouri,  than  in  Venango.  There 
the  Devonian  rooks  eome  to  the  surface  in  the  deep  valleys,  and  tlie  millBtone  grit  of  the 
coal  formation  caps  the  highest  hills  from  400  to  600  feat  above  tlie  level  of  the  streams. 
But  on  the  Great  Kanawha  the  millatone  grit  is  under  the  bed  of  the  river,  acd  the 
geological  horizon  is,  consequently,  from.  500  to  700  feet  higher  on  the  Kanawha  at 
Charleston  than  on  Oil  Creek  at  Sheafer;  and,  while  the  sandstones  thin  in  a  sonth- 
wesMrn.  direction,  the  limestones  increase.  In  Venango,  the  limestone  strata  are  thin 
plates  of  onlj  a  few  feet  in  thickness,  while  below  the  Kanawha,  in  West  Virginia,  they 
range  from  500  to  lOOO  feet  in  thiokneaa,  and  occur  between  the  upper  or  heavy  oils 
and  the  middle  oils,  as  illustrated  in  figure  188. 

The  foregoing  figure  illustrates  the  gradual  thinning  or  decrease  of  the  sandrocka, 
and  the  thickening  or  increase  of  the  limestones,  towards  the  centre  of  the  Great  Basin. 
Perhaps  in  no  part  of  the  Appalachian  formations  are  the  conditions  necessary  for  the 
existence  of  oil  so  favorable  as  in  Northwestern  Pennsylvania,  as  we  may  here  briefly 
describe  before  tracing  the  formations  farther  west;  but  we  may  state,  as  preliminary, 
the  fact  of  the  intervention  of  the  Carboniferous  or  Mountain  limestone,  as  illustrated 
in  figures  128  and  131,  between  the  upper  and  lower  oils  in  all  the  "Western  States. 
This  limestone  is  only  3  feet  thick  on  the  northeastern  escarpment  of  the  Alleghanies, 
about  200  under  the  Ohio  at  Wheeling,  and  over  1000  at  the  mouth  of  the  Groat  Ka- 
nawha, and  through  the  West. 

OIL-KEGIONS  OF  NOETHWESTEKN  PENNSYLVANIA. 

The  oil  wells  of  Venango  and  vicinity  are  more  productive  than  those  of  any  other 
region  yet  developed,  and  the  geological  formation  of  this  portion  of  the  Alleghany  coal- 
field would  lead  us  t>  espeot  this  result  naturally. 

First.  The  several  oil-bearing  strata  arc  here  brought  into  a  comparatively  small 
thickness  by  the  thinning  of  the  sandstones  from  the  east  to  the  west,  and  the  absence 
of  the  heavy  limestones  which  farther  to  the  southwest  overlie  the  Devonian  oil-forma- 
tion and  greatly  increase  the  depth  at  which  they  exist.  As  before  stated,  the  upper 
oils  are  always  the  thickest,  heaviest,  and  most  valuable,  because  the  more  volatile  parts 
escape  when  near  the  surface;  the  middle  oils,  or  tliose  which  esistatareiwonable  deptli 
from  the  surface, — say  from  three  to  sia  hundred  feet  deep, — are  the  most  abuodant. 
because  at  this  depth  it  exists  as  naphtha,  and  contains  the  greater  portion  of  iip 
hydrogen,  but  at  a  greater  depth — say  from  1000  to  1500  feet — ^the  hydro-carbons  esiit 
principally  m  a  state  of  gas,  which  In  the  present  time  has  not  been  utilized.  There 
may  be  escpptions  to  this  depth  in  the  West,  since  there  we  may  expect  heavy  oils  at  a 
greater  depth,  on  account  of  the  lower  temperature  which  always  existed  there. 

Second,  The  oil-formations  of  Northwestern  Pennsylvania  lie  idong  the  northeastern, 
outcrops  of  the  Great  Basin.  Here  the  Devonian  rocks  approach  the  surface,  bringing 
their  oils  ■within  a  practical  depth  below  the  influence  of  the  atmosphere  which  thickens, 
and  above  tho  chemical  action  which  holds  the  hydro-carbons  in  a  state  of  gas. 

Third.  Tho  even,  undisturbed,  and  horizontal  position  of  the  strata  in  this  region  is 
extremely  favorable  to  the  existence  or  preservation  of  the  oil  in  its  fountains,  which 
are  thus  sealed  for  use.  The  fine-grmned  texture  of  tlie  sandstones,  and  their  solid,  un- 
broken spread,  the  close  and  tenacious  strata  of  shales  and  slates,  and  the  intercalating 
clays,  prevent  the  escape  of  the  gas  or  oil  in  exhausting  quantities. 

Fourth.  Tho  middle  position  of  this  repon,  between  tho  extreme  heat  of  the  East 
and  the  low  temperature  of  tho  West,  was  foi'orable  to  tJio  original  formation  of  oil ; 
and  this  wo  think  one  of  the  great  secrets  of  the  aljundance  of  oils  along  the  central 
portions  of  the  Great  Alleghany  coal-field. 

We  might  assign  other  reasons,  but  the  foregoing  are  sufficient.    It  will  be  necessary, 
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however,  to  explain  more  fullj  the  last  itoin,  since  ttis  may  account  for  the  formation 
of  oil,  as  well  as  its  abundant  existence  in  certain  localities,  and  limited  existence  in 
ethers,  within  the  Great  Baain. 

FORMATION   OF   THE  APPAMCHTAN   OILS. 

We  have  shown  that  the  vapors  of  carbon  produce  oil  direct  from  volcanic  sources 
and  the  internal  heat  of  smouldering  subterranean  3res.  This  seems  too  palpable  a 
fact  to  need  more  expianatJon  or  illuBtratlon;  and.  sinoo  we  can  see  and  comprehend  in 
this  a  natural  and  probable  process,  it  is  neither  profitable  nor  neoeBaary  to  seek  other 
theories  which  offer  no  means  of  demonstration.  Most  writers  on  this  subject  ascribe 
the  production  of  rock-oil  to  the  organic  remains  which  lie  entombed  so  thickly  in  the 
Devonian  formations.  But  wo  think  there  is  little  probability  that  all  the  millions  of 
moUuBca  entombed  beneath  the  rocky  crust  of  Venango  would  produce  the  flow  of  a 
single  great  well  like  the  Noble,  the  Sherman,  or  the  Phillips;  a  "shoal  of  whales" 
would  not  produce  such  aatonisliing  results.  That  the  fat  of  these  ancient  inhabitants 
of  the  inland  sea  should  accumulate  in  oertwu  localities  to  produce  our  present  reservoirs 
of  oil  is  likewise  not  only  improbable,  but  impossible.  Liberated  oil  or  gas  always 
riaee  to  the  surface  of  water,  and  this  ancient  life  could  only  exist  in  water,  and  only 
find  their  tomb  beneath  it,  from  whence  their  oil  must  ascend  to  the  surface  almost  im- 
mediately, as  the  results  of  pressure  and  heat.  It,  therefore,  could  never  again  sink,  or 
exist  beneath  the  water  in  the  shape  of  oil  or  gas,  but  only  as  coal  or  bituminous  shale. 

But  there  aie  other  reasons,  more  conclusive,  against  the  theory  of  the  formation  of 
oil  from  the  organic  remains  entombed  ia  the  Devonian  oil-bearing  rocks.  Every  cir- 
cumstance of  the  formation  and  existence  of  the  strata  filling  the  Great  Basin  demon- 
strates the  fact  of  heat  and  volcanic  violence  as  the  general  accompaniment  of  every 
great  sandstone  formation,  and  the  palseontological  breaks  following  these  extensive 
formations  likewise  demonstrate  the  fact  by  the  destruction  of  life  during  these  periods. 
It  is  evident,  therefore,  that  the  ancient  life  was  entombed  during  periods  of  great  heat, 
and  that  its  oils  were  expelled  both  by  the  temperature  of  the  rocks  and  the  water,  and 
by  the  pressure  of  the  rocky  strata  in  which  they  were  buried.  The  oil  thus  expelled 
would  ttien  rise  to  the  surface   f  th   w  t      a  d        j  Id    ft    wa  ds  seal  this 

oil  in  the  earth  except  in  the  f         t       IbtmnN  thp     ods  of  time 

during  which  those  great  cha  red  h         tl  d  b  f  vorable  for 

the  production  of  the  oils  from  thg  m  fifhD      nian  rocks, 

and  these  fossils,  if  now  eubj    tttetpod        I  Itlnth         k     bove  them. 

We,  therefore,  cannot  accept  th     theo  ya.     pl>l  pssb!      nto  account  for 

the  existence  and  formation  of  p    rol  um 

As  stated  and  demonstrated     h  ten      adpd  fptim  were  in  far 

greater  abundance  during  the  Carbo    f  tl        1   f  V  f  re,  because 

the  heat  was  too  intense  to  ad  f  d  fmpodg        and  since, 

because  the  temperature  of  the  earth  has  been  too  low  to  produce  the  vapor  or  gas  in 
abundance.  The  Carboniferous  era  witnessed  the  waters  of  the  Great  Basin  covered 
with  the  bituminous  results  of  pelroleum,  like  the  pitch  lakes  of  Trinidad  and  Texas, 
and  the  beds  of  coal  were  precipitated  by  their  own  weight  or  the  rapid  accumulations 
of  the  rooky  strata  over  them  during  the  seasons  of  volcanic  action,  which  were  then 
intermittent. 

The  lower  coal-beda  in  the  proto-Carboniferous  strata  are  limited,  and  even  the  first 
beds  in  the  true  coal  measures  and  on  the  conglomerate,  or  millstone  grit,  are  compara- 
tively small,  impure,  and  thin;  but  the  succeeding  beds  are  in  some  localities  immense, 
as  witness  the  great  Mammoth  bed  of  the  anthracite  regions  and  the  middle  beds  of  the 
Alleghany  coal-field  generally.  But  we  again  witness  a  depreciation  in  the  upper 
12 
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mcftsures,  and  the  laat  beds  formed  are  tiin,  few,  and  valueless,  because  the  tempera- 
ture at  this  period  was  much  lower,  and  the  production  of  petroleum,  consequently, 
much  less  abundant. 

It  is  natural,  however,  to  assume  that  the  gases  which  produced  the  petroleum  on  the 
surface  of  the  water  should  accumulate  still  at  a  greater  depth  after  the  completion  of 
the  Palieozoic  column,  since  the  heat  receded  from  the  surface,  and  the  rocks  at  a  great 
depth  still  maintained  a  comparatively  high  temperature.  The  gases  thus  accumulating 
were  then  sealed  in  the  rocks  beneath  the  coal  by  the  closing  of  the  pores  of  the  earth 
by  contraction  and  condensation. 

That  this  process  continued  for  a  considerable  period  after  the  formation  of  our  great 
coal-beds  is  manifest,  from  the  fact  that  the  Devonian  rooks  are  impregnated  witli 
bitumen,  ■which  could  not  have  resulted  prior  to  the  fomiation  of  coal,  because  the  gas 
up  tfl  the  period  was  too  light  to  bo  condensed  by  the  heated  rocks:  indeed,  they  rather 
tended  to  keep  the  gas  in  ita  volatile  condition,  and  could  not  have  taken  up  the  bitumen 
of  the  oondensed  gas,  forming  oil,  until  a  late  period. 

Th  s  fi  t  is  further  demonstrated  by  the  absence  of  bitumen  in  the  Eastern  forma- 
t  ons  an  1  t^  abundant  presence  in  the  formatjons  of  the  West.  In  the  East,  the  tem- 
jerature  was  much  higher  during  the  formation  of  the  massive  sandstones  which  here 
prod  m  nate  tJian  it  was  m  the  We^t,  where  the  limestones  accumulated  during  the 
same  per  >di.  Here  we  find  but  httlo  bitumen  in  the  rooky  strata,  but  there  we  find 
b  tumen  general  in  all  the  strata,  and  some  of  the  rocks  saturatod  with  it,  as  the  Cor- 
n  forous  !  mestoce,  for  instance  Hero  we  find  the  bitumen  resulting  from  the  super- 
abun  lint  vapors  and  the  >"ubseciuent  petroleum  in  massive  and  solid  beds  of  anthracite ; 
th  r  we  find  it  in  a  few  thin  beds  of  highly  bituminous  coal,  proving  that  the  tempera- 
ture was  lower  in  the  West  than  in  Ihe  East,  and  that,  while  the  petroleum  produced 
was  originally  more  limited,  it  combined  with  the  rocky  strata,  in  which  it  condensed, 
instead  of  aiising  to  the  surface  of  the  water  to  form  large  beds  of  coal. 

VOLCANIC   INFLUENCES. 

"We  are  aware  that  we  advance  a  new  doctrine  in  ascribing  the  formation  of  our  great 
sandstones,  carbon-oils,  and  coal-beds  ta  internal  heat  and  volcanic  causes;  but  these 
natural  processes  are  made  so  manifest,  and  all  the  coincidents  agree  so  harmoniously, 
that  we  present  them  Be  facts  rather  than  theories,  and  we  believe  our  candid,  unpreju- 
diced reader  will  rejoice  to  find  the  creation  of  our  earth  in  its  present  form,  the  accu- 
mulation of  the  vast  Palseoaoic  strata  of  the  Great  Basin,  and  the  formation  of  our 
immense  coal-beds  the  work  of  a  limited  period  compared  with  the  many  millions  of 
years  required  by  the  present  theories  of  creation,— theories,  too,  let  us  remark,  origin- 
ally advanced  by  the  infidel  writers,  who  triumphantly  flourished  them,  to  prove  the 
BIBLE  a  myth. 

In  order  to  bring  the  subject  permanently  and  clearly  to  the  mind,  we  will  here  again 
briefly  restate  the  arguments  and  facts  presented  in  the  early  pages  of  this  work  in 
describing  the  formation  of  the  Appalachian  strata. 


NATURAL  PROCESSES. 

Volcanic  ranges  generally  exist  in  long  lines  along  the  weaker  as'-'i  of  the  laith's 
crust,  and  where  these  volcanic  vents  exist,  there  those  weak  lines  naturally  remain , 
where  the  condensed  vapors  and  lava  of  the  earth  first  find  vent,  there  it  w  ill  eontinuo 
to  vent;  because,  while  other  portions  of  the  crust  are  growing  thicker  and  atrongpr  in 
consequence,  these  points  remain  much  the  same.    They  always  exist  in  granite  forma- 
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tioDE,  though  froquectlj  overlapped  by  tlic  metamorphie,  and  sometimea  nearly  covered 
by  the  Palteosoic. 

The  great  ranges  of  Tolcanoes,  estiact  or  otherwise,  which  now  eitend  over  the  fiice 
of  the  eartJi,  existed  in  the  early  daye  of  creation  as  soon,  or  almost  as  soon,  as  its 
granite  crust  was  formed;  for,  as  soon  as  condensation  and  consequent  contraction  took 
place,  the  confined  vapors  and  molten  matter  began  to  esist  in  a  state  of  tension,  and 
forced  their  way  through  the  aeonmulating  crust,  when  that  tension  became  too  gveat, 
in  long  and  immense  lines  of  volcanic  vents. 

Mountains  also  assumed  lines  rather  than  cones,  following  almost  invariably  tlie  vol- 
canio  lines,  and  resulting  from  lateral  contractions,  which  naturally  formed  its  folds  on 
the  weakest  points,  as  represented  in  figure  6,  Chapter  III.  The  great  volcanic  lines 
formed  the  barriers  of  great  basins  or  seas,  since  they  occupied  the  highest  points  and 
the  water  tie  lowest.  But  up  to  the  period  of  the  metamorphie  or  crystalline  stratified 
rocks  the  earth  was  surrounded  by  vapors,  and  the  osygen  and  hydrogen  only  combined 
to  form  water  when  the  temperature  admitted  of  its  esistence  in  that  condition,  instead 
of  in  the  state  of  steam  or  vapor. 

The  metamorphie  rocks  were  formed  by  the  lava  vented  from  the  volcanic  ranges  into 
the  water  surrounding  them,  which,  being  hot,  crystallized  the  lava  deposited  as  sedi- 
ment. On  being  thrown  into  the  water  in  a  molten  condition,  the  lava  was  shivered  to 
atoms,  and  thrown  up  into  (he  air  with  steam  and  vapor,  to  be  carried  by  winds  and 
tides  and  waves,  as  ashes  and  dust,  to  remote  localities. 

This  process  must  be  rapid.  A  long  line  of  active  volcanoes,  reaching  perhaps  from 
Nova  Scotia  to  Cuba,  vented,  almost  without  intermission,  immense  streams  of  lava  into 
the  deep  waters  of  ancient  seas  forming  the  Great  Basin.  Such  a  process  would  not 
require  millions  of  years  to  form  our  metamorphie  strata:  perhaps  a/eie  years  might 
suffice. 

That  such  a  line  of  volcanic  vents  did  exist  along  our  Eastern  granite  range,  there  is 
ample  evidi,noe  to  prove  and  that  such  was  the  process  by  which  not  only  our  metar 
ni(rpliic  but  lur  great  Paleozoic  sandroi,ks  were  formed,  admits  of  palpable  demon- 
stration 

We  find  the  basins  deepest  akng  this  line  of  vents,  proving  the  depression  to  have 
been  greatest  hPre  we  find  iJie  stmta  at  very  high  angles  of  inclination,  sometimes 
inveited  m  cviieneo  it  the  lateral  contrattim  which  naturally  produced  its  apparent 
results  alon^  the  weake'it  Imes  of  the  crust  we  see  a  vast  difference  in  the  thickness 
of  the  strata  here  than  elsewhere  and  we  notue  that  it  gradually  grows  thin  and  fine- 
gra  ned  as  it  recedes  from  the  ylaoe  of  production.  It  is  plain  that  the  immense  plates 
of  sandstones  shales  slates  iron  orei  and  coal  could  not  be  produced  by  rivers,  tides, 
waips  or  (ther  causes  irom  the  wear  and  tear  of  higher  lands  surrounding  the  Groat 
Basin  since  each  f  th  a?  immense  horizons  is  the  product  of  one  cause,  one  operation, 
one  period  and  is  forme!  of  the  same  miterial  throughout.  Had  they  been  produced 
by  other  causes  than  volcanic  action,  they  would  have  presented  a  ireccia, — an  olla 
podrida  of  divers  material. 

But  the  great  horizons  formed  by  the  Potsdam  sandstone,  the  Medina  or  Levant,  the 
Vespertine,  and  other  rocks  are  eoestensive  with  the  great  Pateozoic  basin  between  the 
Blue  Ridge  and  the  Eocky  Mountains.  They  are  invariably  thin  towards  the  West — 
mere  knife-edges;  but  along  their  Eastern  outcrops  they  are  of  immense  thickness. 
And  not  only  do  the  sandstones  present  this  evidence  of  their  source,  but  all  the 
aecompaoying  strata  present,  by  their  decreasing  thickness  and  coarseness,  evidence  of 
volcanic  production  from  the  Eastern  line  of  vents. 

The  vapors  of  carbon  arising  from  this  great  region  of  heat  must  have  been  in  greater 
volumes  than  anywhere  else  within  the  Great  Basin,  But  the  intensity  of  the  heat  pre- 
vented their  condensation,  or  the  formation  of  oil,  until  a  comparatively  late  era,  along 
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this  range ;  when  the  temperature  permitted  it,  ire  find  the  results  in  i 
beds  of  anthracite  coal;  but  \re  do  not  find  ihe  rocks  imprvgnated,  because  its  conden- 
sation did  not  take  place  while  ascending  tlirough  the  rocky  strata,  but  through  the 
waters  of  our  deep  coal-basins,  on  the  surface  of  which  it  floated  and  gave  up  its  more 
volatile  hydrogen,  leaviog  a  resulting  bitumen  almost,  und  in  some  cases  entirely,  de- 
void of  hydrogen,  osygen,  or  other  gases,  and  apure  carhoa  in  the  shape  of  anthracite 
coal.  It  would  be  almost  impossible,  during  a  time  like  this,  or,  in  fact,  at  any  time,  for 
a  deposit  of  this  kind  to  form  on  the  surface  of  the  water  without  the  addition  of  earthy 
impurities  from  floating  dust,  ashes,  and  smoke  to  eomc  extent. 

ANTHRACITE   COAL. 

We  have  before  stated  that  ^egotable  matter  may,  and  in  all  probability  did,  aid  iu 
producing  coal,  but,  we  beUeve,  only  to  a  very  limited  extent.  That  vegetation  grew 
lusuriantly  during  the  coal  era  there  can  be  no  doubt ;  and  that  it  grew  in  the  deep 
basins  in  which  coal  was  forraed  is  Hkewise  evident;  but  that  tlie  woody  fibre  of  vege- 
tation formed  coal  is  not  only  doubtful,  but  contrary  to  all  evidence,  and  at  variance 
with  the  ooinoidents  of  coal  formations.  It  may  have  formed  the  impurities— bone  and 
elate — of  the  coal,  but  never  its  pure  carbon.  The  woody  tissue  supposed  to  be  detected 
by  miorOBcopio  examination  cannot  be  determined  in  pure  coal ;  and  that  found,  or  sup- 
posed to  be  found,  in  the  ashes  of  coal  is  no  criterion,  since  if  the  woody  fibre  of  plants 
formed  any  part  of  a  coal-seam  it  must  have  been  the  earthy  paa'ts  thereof. 

We  have  rarely  seen  a  fossil  plant  in  the  midst  of  a  coal-bed  or  within  tlie  coal;  but 
whenever  found  ia  this  condition  it  is  not  coal,  but  slate  or  bone. 

A  specimen  may  be  seen  in  the  office  of  Messrs.  Connor  ■&  Patterson,  of  Pottsvillo, 
Pennsylvania,  which  demonstrates  this  fact.  Coal-plants  of  the  Carboniferous  ei-a,  in  a 
fossil  condition,  are  invariably  silicious  or  calcareous,  and  partake  of  the  lithological 
character  of  the  formation  in  which  they  are  found. 

.  But  we  do  not  intend  to  deny  that  the  magnificent  flora  of  the  Carboniferous  era  aided 
in  the  production  of  coal.  We  believe  it  did,  and  have  before  so  stated.  That  the  rick 
and  resinons  calamites,  coniferie,  &c.,  which  were  fed  by  a,  superabundance  of  carbon 
and  carbonic  acid,  should  yield  oil  on  pressure,  there  cannot  be  a  doubt;  and  that  they 
were  subject  to  immense  pressure  between  the  roeky  strata  in  which  they  now  exist  is 
evident  not  only  by  their  flattened  forms,  but  the  fact  that  the  superincumbent  strata 
would  exert  such  an  influence  and  espel  the  resinous  oib  which  they  oout^ned.  This 
oil  would  mingle  with  the  hydro-carbons,  and,  by  evaporalion,  form  bitumen;  and  this, 
enclosed  in  the  strata  of  the  coal-measures  anjl  subject  to  pressure,  would  produce 

We  gave  the  best  vegetable  theory  available  in  the  early  pages  of  this  book,  but  stated 
then  that  we  did  not  consider  any  of  those  theories  tenable.  We  are  now  jiositive  of 
the  fact,  and  state  positively  that  all  pure  coal-beds  are  formed  from  petroleum  or  oil, 
resulting  from  the  vapors  of  carbon  directly  or  indirectly,  as  above  set  forth. 

That  a  gradual  depression  of  our  great  coal-basins  did  take  place  is  not  only  evident 
from  existing  facts,  but  the  natural  processes  of  condensation  and  contraction.  It  is 
not,  however,  necessary  that  such  must  have  been  a  condition  to  aocount  for  the  format 
tion  of  our  coal-beds  and  the  accumulation  of  the  accompanying  measures,  since  these 
beds  and  the  rocky  strata  in  which  they  exist  would  form  as  regularly  and  uniformly 
in  basins  of  a  constant  depth  as  in  those  of  varying  depths. 

The  fact,  in  fliis  case,  that  coal-beds  are  invariably  thin  at  a  great  depth,  or  more  so 
than  they  ore  at  moderate  depth,  is  explained  by  the  simple  fact  that  they  must  have 
existed  originally  in  a  soft  and  plastic  condition,  and  were,  consequently',  moved  by  the 
great  pressure  of  water  and  sediment  resting  on  thcin  from  tlie  centi-e  of  deep  basins 
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towards  their  edges, — a  fact  demonstrated  in  all  deep  tiasins,  esoept  that  of  Richmond, 
Virginia,  where  the  irregular  form  of  the  intermediate  basins  preyented  Buoh  a  moye- 

AE8ENCE   OP   PETROLEUM   IN   THE   EAST. 

We  do  not  find  petroleum  in  the  deep  hasina  of  the  Ea«t,  or  the  presence  of  hitumen 
in  their  Devonian  rocka:  first,  hecause  the  high  state  of  temperature  tended  rather  to 
volatilize  than  condense  tie  gaaes;  and  second,  hecause  their  high  angle  and  frequent 
undulation,  caused  by  contraction,  gave  the  gases  a  full  vent.  We  cannot,  therefore, 
espect  ever  to  find  petroleum  east  of  the  AHeghanies,  and  not  always  to  the  west  of 
them,  except  beneath  the  wide  plateaus,  where  the  gases  are  condensed  and  sealed  aa 
oil. 

If  petroleum  existed  east  of  the  Alleghany  escarpment,  it  must  have  been  in  the  deep 
Devonian  basins,  which  lie  20,000  feet  below  the  anthracite  coal  formations;  and,  con- 
sequently, if  it  existed  now  at  such  a  great  depth  it  would  not  be  available. 

We  may  not  expect  to  find  rock-oU  in  any  large  amount  beneath  tho  serai-anthraflito 
basins  or  the  semi-bituminous  basins  on  the  eastern  edge  of  the  Alleghany  field.  Nor 
can  we  expect  to  find  much  of  it  in  the  detached  basins,  like  those  of  Sullivan,  Tioga, 
and  Lycoming  counties,  where  the  formation  is  cut  down  by  steam  below  the  level  of 
the  upper  or  heavy  oil.  If  the  second  reservoirs  exist  beneath  the  red  shale  in  such 
localities,  the  depth  to  the  oil-bearing  stratum  would  still  be  very  great,  and  the  hydi-o- 
oarbons  would  exist  in  a  state  of  gas  instead  of  rock-oil. 

GEOLOGICAL  POSITIONS   OF   BOCE-OIL. 

Figure  189  illustrates  the  several  horizons  of  petroleum  and  the  hydro-carbons  gene- 
rally. "We  have  made  the  gas  and  oil  reservoirs  or  strata  much  larger  in  proportion 
than  they  exist  in  nature;  but  we  wish  to  convey  the  idea  rather  than  the  actual 
status, — which,  we  must  state,  can  only  be  conjectural.  A  stratum  of  oil,  even  if  large 
enough  to  supply  for  years  our  great  flowing  wells,  would  appear  as  a  faint  line  only  if 
drawn  to  a  scale  on  our  section;  and  the  thin  leaders  or  jets  of  gas  ascending  through 
the  earth,  if  made  in  proportion  to  their  actual  sizes,  would  scarcely  be  seen.  In  this 
figure,  a  represents  the  general  level  of  the  Great  Kanawha  near  Charleston;  6,  the 
region  of  heavy  petroleum;  c,  the  general  level  of  Oil  Creek;  d,  the  region  of  the 
second  oil;  and  e,  the  lower  oil,  or  gas. 

These  horizons  of  oil  seem  to  be  general,  but  they  are  not  invariably  of  the  consist- 
ence here  specified.  For  instance,  the  lower  oil  formation  existing  in  the  Corniferous 
limestone  of  the  upper  Silurian  rocks  may  be  2000  feet  deep  on  Oil  Creek  and  2700 
feet  beneath  the  Great  Kanawha,  and  its  hydro-carbon  exist  only  as  gas.  But  in  oer- 
\ain  portions  of  Kentucky  this  rock  appears  to  come  near  the  surface,  and  in  Canada  it 
crops  out.  In  the  oil-regions  of  Chatham,  in  the  vicinity  of  Lake  St.  Clair,  Canada, 
it  is  very  productive.  Tho  wells  there  are  from  300  to  500  feet  deep,  and  the  oil  pro- 
duced is  a  fair  petroleum,  of  about  the  same  density  as  that  produced  in  Oil  Creek, 
Pennsylvania,  at  the  same  depth.  The  second  oils,  in  the  shallow  wells  of  Nort!iwest«ra 
Pennsylvania,  are  only  from  33°  to  38°  Beaum^'s  hydrometer,  and  in  the  deep  wells 
'from  46°  to  50°;  but  under  tho  Great  Kanawha  it  exists  principally  as  gas  or  the 
lightest  naphtha.  It  thus  appears  that  the  density  of  the  oil  depends  more  on  its 
proximity  to  the  surface  than  on  the  geological  horizon  in  which  it  exists. 

As  before  observed,  the  volatile  parts  escape  when  exposed,  or  when  the  means  of 
escape  are  offered,  and  condensation  takes  place  in  consequence.  On  long  exposure, 
nothing  but  the  solids  is  left,  and  whether  exposed  to  a  moderate  heat  or  cold,  the  same 
thing  happens;  but  under  a  low  temperature  bitumen  is  left,  composed  of  carbon. 
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hydrogen,  and  oxygen,  corresjiond- 
ing  to  the  bitumiuuua  coals  of  the 
Vest;  under  a  moderately  high 
temperature,  a  comparatively  pure 
carhon  is  left,  cotreeponding  lo  the 
anthracite  ooals  of  Pennaylvania; 
hut  if  the  heat  he  ext-essiTe,  even 
the  carhon  becomes  or  remains  vola- 
tile, and  no  residue  remains.  This 
is  demonstrated  hy  tlie  fact  that  heat 
■will  change  the  hardest  aathracite 
to  vapor, — a  chemical  operation 
which  we  may  see  effected  every  day 
by  the  combustion  of  coal. 


Tl  e    nme  arguu  enis  holl  good   n 

relit    n  to  the  ex  atence  of  r  ck  o  1 

as  to  coal  v  i     certa  n  con  1  t  on   of 

[  0    i    n    1  tholog  cal  st  u  tu  e    and 

t  i     riph   at  ieiture  are    e^u  eJ 

f  r  the     ne  aa   well   ■\i  tl        tl  or 

nee  o  1  pr  d  cea  coal     W  e  1  ave 

eepn  that   1   th  petroleum  and  coil 

are  1  rod     el    i    and  from  g  an  t  c 

fo  mat  ons    aa  well   as  fro  n   and 

I —  in  the  Palaeozoic  —  n  volcai      re 

g  ons  and  in  the  strat  fied  fos   1  fer 

0U8     But  in  the  former  the  ooai  and 

cil  are  both  limited     first   beLause 

°    eon  len'mtion  could  only  take  jlaco 

when   the   temperature   of  \oleauic 

*    rCoiona  was   reduced  to  the  pi  per 

staadird  or  below  the  boilmg  point 

and   BC  ond     heeause    neither    the 

lithologiPil  strncturenor  the  phj  si  il 

f  atnres  of  such  re^iDUS  admits  of 
t!  cir  retention  or  formation  m    x 
ti'n  ive   fields      We   finl  petioleum 
(.w  ting  abundantly  jn  Cuba  lihi  h 
is  a  volcanic  region  of  late  actuity 
g     md  we  find  coal  in  the  water  of  an 
-    oxtinot  Yokano    as   the   Pichmond 
B    coal  field  in  Virginia  which  was  of 
g'   much  older  activity    and  yet  much 
more  recent  than  the  true  Carbon- 
iferous formations. 

In  volcanic  regions  the  tompora- 
tuve  is  naturally  high,  and  it  re- 
mained high  even  when  it  became  low 
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in  tlie  centre  of  the  Great  Basin.  The  volcanoes  of  the  East  continued  to  vent  tlieir  lava 
until  the  highest  aandrocks  in  our  cool  measures  were  formed;  and  the  fact  of  a  con- 
tinual increase  of  bitamen  from  the  Bast  towards  the  West  proves  that  the  temperature 
decreased  in  the  same  proportion  in  that  direction.  We  find  that  the  hydro-carbons 
were  produced  in  greater  abundance  in  the  East  than  the  West;  but  we  find,  too,  that 
nearly  all  their  volatile  matter  was  expelled  on  the  Lehigh,  leas  on  the  Susquehanna, 
and  stiil  less  on  the  -waters  of  the  Juniata;  yet  our  coal-twds  are  of  an  imuieiise  thick- 
ness, individually  or  as  an  aggregate,  in  the  East,  and  very  limited  in  the  West. 
Though  more  than  half  the  volume  of  the  oil  was  espelled  in  the  East  bj  the  higher 
temperature,  we  still  have  a  greater  residue  left  than  in  the  West,  where  the  low  tem- 
perature admitted  of  the  solidification  of  the  oil  with  half  its  volatile  matter  remaining. 
This  is  proved  by  the  fact  that  anthracite  coal  in  tlie  Lehigh  bwins  contains  scarce  a 
trace  of  hydrogen  or  other  volatile  matter  than  water ;  while  the  cannel  coal  of  Kanawha 
and  some  of  the  rich  bituminous  coals  of  the  West  contain  more  than  half  their  weight  in 
volatile  substances.  Between  those  extremes  of  temperature  exists  every  grade  of  coal, 
&om  the  pure  carbon  of  the  hard  anthracites  to  the  bitumen  of  the  most  volatile  eannel. 
The  causes  of  this  are  evident;  first,  a  gradual  removal  from  the  volcanic  regions  of 
heat;  and  second,  a  gradual  elevation  from  the  internal  heat  of  the  earth,  by  the  con- 
stant accumulation  of  the  Palseosoio  strata  in  the  waters  of  the  Great  Basin.  The  same 
causes,  of  course,  affect  the  present  existence  of  oil,  as  they  affected  the  production  of 
coal.  We  see  that  the  quantity  of  coal  decreases  in  a  westward  direction,  as  all  the 
stratified  rocks  decrease:  ouaseqnently,  the  volumes  of  gas  arising  and  the  oil  and 
bitumen  resulting  must  have  been  in  relative  proportion.  That  is,  the  oil  was  limited 
then,  as  the  coal  ie  limited  now,  and  the  same  may  be  said  of  the  proportions  to-day. 
Much  of  the  bitumen,  however,  of  the  West  is  taken  up  by  the  rocks  through  which  it 
arose  to  the  surface,  because  the  condensation  took  place  at  a  lower  point  there  than 
farther  east  in  the  Alleghany  coal-field,  But  it  is  against  all  reason  and  the  laws  of 
chemistry  to  espect  the  bitumen  of  the  rocks  to  produce  oil.  It  requires  heat  to  effect 
this ;  and  that  which  did  not  produce  it  during  early  ages  cannot  produce  it  now.  If 
the  rocks  now  holding  bitumen  obtained  their  bitumen  from  the  ascending  oils  or 
organic  remains,  as  they  must  have  done,  because  they  were  cool  enough  to  condense 
it,  can  it  be  possible  for  them  to  yield  it  again  in  oil  or  gas  if  they  continue  to  grow 
colder?  It  is  evident  that  heat  alone  can  produce  oil  or  gas  from  the  bituminous  rocks; 
and  since  they  certainly  are  not  accumulating  heat,  even  if  they  do  not  grow  colder, 
they  can  never  give  up  their  bitumen  as  oil  in  nature.  The  Comiferous  limestone  will 
yield  its  bitumen  in  the  sun,  as  may  be  seen  at  the  celebrated  "oil-stone"  church  in 
Chicago ;  but  if  left  in  the  earth  the  oil  would  never  be  disturbed.  This  is  a  pWn 
statement  of  fact ;  there  is  no  theory  about  it,  and,  therefore,  it  upsets  entirely  the  doc- 
trine which  accounts  for  the  production  of  rock-oil  from  the  organic  remains  of  tlie 
fossiliferous  Devonian  strata. 

We  find  by  practical  experience,  as  we  argue  from  cause  and  effect,  that  no  available 
rook-oil  exists  in  the  Eastern  basins  or  the  Devonian  rocks  east  of  the  Alleghany  escarp- 
ment, for  reasons  before  stated ;  and  we  find,  by  the  same  processes,  that  but  little  aviulable 
petroleum  exists  in  the  great  regions  west  of  the  Ohio  and  the  Mississippi,  hut  less  and 
less  in  a  westward  direction ;  first,  because  it  was  never  so  abundant  in  the  West  as  in 
the  East ;  and  second,  because  the  petroleum  of  the  Devonian  rocks — its  most  abundant 
region,  generally — lies  too  deep  beiow  the  surface  to  exist  in  the  state  of  oil,  if  it  exists  at 
all.  The  mountain  limestone  is  over  one  thousand  feet  thick  in  the  Great  Central  coal- 
field ;  and,  therefore,  through  a  great  portion  of  this  field  the  Devonian  oil-formation 
must  be  from  1000  to  2000  feet  below  tie  surface,  at  which  depth  the  hydro-carbon 
exists  principally  in  a  state  of  gas. 

The   Great  Central   coal-field  of  Indiana,  Kentucky,  Illinois,  Missouri,  Iowa,  and 
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other  Western  States,  contains  but  a  limited  thicltness  of  coal  in  a  few  tliin  seams  on 
iJieIr  northern  and  western  border,  proving  that  the  amount  of  bitumen  which  existed 
on  the  waters  along  the  borders  of  this  great  inland  basin  was  extremely  limited ;  conse- 
quently, we  cannot  expect  to  find  peti'oleum  to  any  great  extent  in  the  roeliB  beneath 
those  portions  of  that  field. 

In  Eastern  Kentucky  a  different  result  may  bo  expected.  There  the  basins  are  deep 
and  the  coal-seams  are  numerous  and  highly  bituminous,  while  the  shale  is  also  highly 
charged  with  bitumen.  The  mountain  or  Carboniferous  limestone  is  not  in  its  usual 
Western  thickness,  and  the  Devonian  rocks  come  nearer  to  the  coal  measures.  It  is 
also  nearer  to  the  volcanic  regions  of  heat,  since  the  coal  of  Eastern  Kentucky  is  as 
neai  the  Blue  Ridge  as  that  of  Northwestern  Pennsjlvania;  hence  we  may  expect  a 
great  portion  of  the  Central  coal-field  in  Kentucky,  and  perhaps  in  Southern  lUinoia 
and  Indiana,  to  be  oil-producing  territory.  In  Western  Kentucky  the  same  results 
may  be  obtained. 

PETROLEUM   OP   THE   ALLEGUANY   COAL-FIELD. 

The  great  region  of  rock-oil  is  within  the  wide  and  undulating  basins  of  this  coal- 
field between  the  anticlinal  of  Laurel  Hill  and  its  outcrops  in  Ohio.  It  may  also  exist 
between  the  anticlinais  of  Laurel  Hill  and  Negro  Mountain  in  available  quantities ;  but 
the  elevation  of  the  strata  on  these  anticlinais  does  not  produce  a  favorable  condition, 
but  the  reverse. 

Within  the  wide  plateau  which  extends  from  Chestnut  Eidge  beyond  the  Ohio,  and 
along  the  vast  horizon  of  nearly  level  strata  that  stretch  through  the  northwestern 
counties  of  this  great  coal-field,  we  find,  as  we  might  reasonably  expect  to  find,  an  abun- 
dant region  of  oil.  But  though  theso  portions  of  the  field  present  more  available  con- 
ditions to  the  existence  and  production  of  oil,  it  is  by  no  means  confined  to  them.  The 
strike  of  this  formation  is  parallel  with  the  coal-field  and  its  accompanying  strata,  passing 
the  Little  Kanawha  east  and  west  of  Burning  Spring,  the  Great  Kanawha  above  and  below 
Charleston,  the  Big  Sandy  from  its  mouth  to  the  Eussel  Fork,  and  from  thence  through 
Western  Kentucky  into  Tennessee  and  Alabama.  But  we  do  not  think  any  great 
quantity  of  oil  will  ever  be  found  in  the  two  latter  Stotes,  because  most  of  the  Devonian 
or  oil-producing  rooks  are  above  water-level,  with  their  outcrops  exposed ;  and  in  such  a 
condition  oil  cannot  exist.  In  the  basins  of  Alabama,  however,  where  the  coal  mea- 
sures descend  below  the  surface,  oil  should  bo  found,  and  wo  have  no  doubt  it  will  be 

FAVORABLE   CONDITIONS   FOR   TRE   EXTSTEKCE   OF   OIL   IN   AVAILABLE 
QUANTITIES. 

There  are  certain  conditions,  as  before  stated,  necessary  to  the  existence  of  oil  in 
available  quantities  and  position.  These  are,  briefly — simply  considering  the  hthologica! 
and  topographical  features;  first,  uniformity  of  stratification;  second,  horiEontal  posi 
tion ;  third,  the  absence  of  fissures,  dikes,  and  crevices  for  the  abundant  e^icape  of 
gas ;  fourth,  closeness  of  texture  and  stratification  in  rocks,  slates,  shales  and  cHv* , 
fifth,  a  medium  depth :  if  too  high,  all  or  most  of  the  petroleum  will  have  evaporated 
if  too  low,  it  will  be  difficult  of  access  and  only  exist  in  a  state  of  gas. 

It  has  been  found,  and  will  always  be  found,  that  the  most  available  petroleum  exists 
at  a  depth  of  from  300  to  700  feet.  If  found  higher,  it  is  always  in  limited  quantities 
and  heavy;  but  if  lower,  it  will  be  very  light  and  gaseous. 

It  has  been  proven  by  a  thousand  oil-wells  in  Northwestern  Pennsylvania  that  the 
distance  from  the  millatone  grit  of  the  coal  measures  to  the  most  abundant  ri 
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of  petrolenm  is  about  one  thouaand  feet.  But  there  most  of  thp  productn  e  ivolls  have 
been  started  from  four  to  sis  hundred  feet  below  the  ooal  measures  Tlie  same  oil- 
Ibrmatioii  esists  beneath  the  coal-Held  to  the  south,  hut  the  toal  comes  down  gradually 
to  the  level  of  the  rivers  and  streams,  and  eventually  passes  undPi  them  in  that  direc- 
tion. In  sneh  looalities  the  depth  of  the  oil  will  be  from  1000  to  loOO  feet ;  and,  as 
before  observed,  at  such  depth  the  hydro-caibons  exist  in  a  state  of  gas.  C<mtinuing 
still  sooth  and  west,  the  Carboniferous  limestone  increases  rapidly  in  thickness,  and 
divides  the  Devonian  oil-formation  from  the  coal  meaBures.  It  is  only  three  feet 
thick  on  the  Alleghany  escarpment,  two  hundred  fe«t  beneath  the  Ohio  at  Wheeling, 
and  one  thousand  feet  thioii  under  the  Great  Kanawha.  This  increase  of  the  mountain 
limestone  places  the  region  of  the  second  oils  in  a  sonthweatern  direction  beyond 
available  depth,  under  present  developments ;  but  the  time  will  como  when  both  the 
means  to  reach  those  deep  hydro-carbons  and  the  means  of  utilizing  their  gases  will  b« 
obtained. 

The  most  available  regions  of  petrolenm  in  the  great  Alleghany  coal-fleld  will,  there- 
fore, be  found,  where  the  Devonian  roeks  are  most  accessible,  within  the  wide  and  un- 
dulating plateau  before  mentioned;  and  perhaps  it  will  be  found  in  greater  quantities 
along  their  eastern  margins  than  on  their  western  oulorops. 

Where  the  anticlinals  sink  beneath  the  coal  measures,  and  jet  preserve  to  some 
extent  their  shape,  it  is  manifest  the  oil-roeks  will  be  nearer  to  the  surface  than  in  the 
basins,  and,  consequently,  bring  the  oil  within  available  distance.  This  feature  is  repre- 
sented at  jr,  in  figure  188,  and  may  be  studied  at  what  is  erroneously  called  the  "Great 
Upheaval"  on  the  Little  Kanawha. 

But  within  certain  portions  of  the  coal-field,  where  the  base  of  the  barren  measures 
forms  the  bed-rocks  of  the  streams,  the  upper  petroleum  may  be  found  in  available 
quantities  in  wells  of  600  or  700  feet  deep,  or  just  beneath  the  millstone  grit.  At  lower 
geological  levels — say  from  the  lower  Freeport  seam  E,  or  even  from  the  great  seam  of 
Karthaus,  B — the  upper  oils  may  be,  and,  in  fact,  are,  found  productive  at  less  depth. 
The  upper  oil-rocks  produce  most  of  the  petroleum  on  the  Little  Kanawha  and  in  all 
the  region  between  that  point  and  the  second  oil-rooks  of  Northwestern  Pennsylvania,  all 
the  oil  of  Ohio,  the  Great  Kanawha,  and  Western  Kentucky,  simply  because  the  second 
oil-formation  exists  at  a  great  depth,  and  the  auger  has  not  jet  penetrated  it,  except 
on  the  Great  Kanawha,  whore  the  salt-makers  have  reached  its  gaseous  fountains,  and 
there  its  flow  has  been  terrific,  as  gas. 

PRACTICAL   OBSERVATIONS. 

It  miv  bf  difficult  to  ascertain  from  the  foregoing  description  where  tho  most  avail- 
able points  to  bore  fur  oil  may  exist.  We  will,  therefore,  briefly  state  a  fnw  practical 
observations 

The  most  productive  region  of  petroleum,  as  before  stated,  exists  within  the  broad 
plateau  estending  from  the  western  anticlinals  of  the  Alleghany  coal-field  to  and  per- 
haps beyond  the  Ohio  Eiver.  We  can  scarcely  state  a  given  line,  but  may  say  that 
little  petroleum  cm  be  expected  within  the  eastern  basins;  all  or  most  of  it  exists  on 
the  western  declivities. 

To  select  good  boring  territory  within  this  great  region,  several  important  geological 
observations  must  be  made.  First,  it  must  be  remembered  that  the  most  abundant 
fountains  of  oil  exist  at  from  about  400  to  700  feet  from  the  surface;  second,  that  more 
oil  may  justly  be  expected  from  the  second  than  the  first  formation  of  oil-rocks;  third, 
that  the  first  formation  exists  at  from  100  to  4O0  feet  below  the  coal  measures ;  fourth, 
that  the  second  formation  is  about  1000  feet  below  these  measures  where  the  Carbon- 
iferous limestones  do  not  exist,  and  1500  feet  where  it  does  exist;  fifth,  the  lithological 
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Structure  must  lie  uniform,  and  nearly  horizontal;  sixth,  there  must  be  no  steep  dips  or 
Sikea  or  abundant  gas-fieeures  in  the  vioinity. 

By  observing  these  litholo^cal  and  topographical  features,  oil  may  he  found  in  almost 
any  part  of  the  wide  region  described,  provided  wells  are  not  put  down  where  the  forma- 
tion comos  too  near  the  surface,  nor  where  it  is  too  deep;  for  in  the  first  place  little  or 
DO  oil  will  be  struck,  and  in  the  second  nothing  but  gas  will  bo  found. 

GEOLOGICAL   HORIZONS   OP   PETKOLEUM. 

It  is  generally  supposed  that  rock-oil  esists  in  fissures  or  cracks  running  across  the 
Strata  and  extending  obliquely  or  perpendicularly  towards  the  surface;  but  this  theory 
is  contrary  to  experience  and  the  nature  of  petroleum.  In  the  first  place,  oil  is  always 
found  on  certain  horiaons, — below  a  special  sandrook  in  Venango,  and  at  a.  uniform  geo- 
logical depth  in  other  localities ;  and,  in  the  second,  if  oil  existed  in  fissures,  it  would  long 
ago  have  ceased  to  be  oil,  and  become  solid  bitumen  front  the  escape  of  the  volatile  parts. 

In  all  oil-producing  re^ons  the  strata  are  nearly  horizontal,  but  having  a  gentle  incli- 
nation and  a  basined  shape;  but  all  such  basins  are  necessarily  extensive,  because  the 
low  angles  of  dip  increase  the  distance  between  the  outcrops.  The  natural  position  of 
oil  in  the  strata  is  similar  to  that  of  coal.  It  occupies  certain  horizons  between  the 
Strata,  perhaps  irregularly,  but  always  below  heavy,  close-grained  sandrocks,  which  are 
impervious  to  the  escape  of  oil,  and  almost  impenetrable  to  the  most  volatile  gas,  even 
under  the  highest  state  of  tension:  were  it  not  so,  but  little  oil  could  ever  accumulate 
beneath  them. 

Beneath  each  heavy  sandrock  of  Venango,  and  Northwestern  Pennsylvania  generally, 
is  found  a  soft  and  yielding  stratum  of  shale,  slate,  and  mud.  In  these  strata  the  gas 
and  oil  find  a  lodgement,  as  the  first  point  of  condensation.  Arising  through  the  rocks 
below  in  a  gaseous  condition,  the  nearer  it  approaches  the  surface  the  leas  volatile  it 
becomes,  and  is  arrested  by  the  first  impervious  stratum. 

The  third  sandrock  of  Venango,  however,  does  not  seal  all  the  oil;  the  more  volatile 
portions  still  find  their  way  through  the  third  and  even  the  second  sandstones,  and  form 
limited  deposits  of  oil  between  them ;  but  the  lower  or  third  rock  seems  to  hold  the  great 
fountains  of  petroleum. 

The  stratum  of  oil  thus  formed  may  not  occupy  a  perfect  geological  horizon,  since  the 
shale  in  which  it  is  found  varies  in  thickness,  and  the  oil  may  find  a  cavity  in  any  part 
of  it, — at  the  bottom,  in  the  middle,  or  at  the  top  of  the  stratum.  Though  the  drill  must 
invariably  penetrate  the  covering  sandrock,  it  may  not  tap  the  fountains  of  oil  at  that 
depth.  It  is  possible  that  the  depth  of  wells  almost  side  by  side  may  vary  20  or  30 
feet,  or  more,  to  reach  the  same  oil-formation.  A  stratum  of  oil  cannot  be  of  great  thick- 
ness. It  may  be  only  a  few  inches,  or  one  and  even  two  feet  thick;  but  it  may  also  be 
a  mere  streak,  or  the  rocks  may  close  or  "pinch"  it  out  entirely.  Thus,  the  stratum 
may  extend  from  ten  to  one  hundred  yards  in  width,  and  from  a  hundred  yards  to  miles 
in  length,  or  it  may  be  even  more  limited  or  more  estensive.  It  may  change  from  a 
lower  to  a  higher  position  in  the  shale,  thus: 


and  the  auger  may  strike  a  flowing  well  at  4,  only  a  limited  pumping  well  at  ?,,  though 
but  a  few  yards  distant,  and  nothing  in  the  shape  of  oil  at  5. 

If  oil  existed  in  fissures  running  obliquely  or  perpendicularly  to  the  strata,  it  might 
be  found  at  almost  any  depth  from  the  surface,  and  in  the  most  irregular  manner,  with- 
out regard  to  the  sandrocks.     But  fissures  in  rocks  existed  naturally  and  originally  as 
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venta  for  tlie  internal  heat  or  gases  of  the  earth,  and  generally  extended  to  the  surface; 
and  were  these  the  reservoirs  of  oil,  we  cannot  see  how  the  light  naphtha  could  he  re- 
tained, since  the  volatile  parts  would  escape  through  every  orack  or  vent  to  the  surface, 
and  leave  nothing  hut  bitumen  as  a  residue. 

Figure  190  illustrates  clearly  the  action  of  gas  in  producing  the  flow  of  potroieum 
from  oil-wells.  The  stratum  of  oil,  ^,  is  always  the  lowest,  while  the  gas,  b,  is  always 
the  highest,  and  occupies  cavities  in  the  ehalo  invariably  above  those  containing  oil, 

Fic.  190. 


Jl-producJiig  gas;  c,  d, «. 


iajidrocks;/,oi 


These  cavities,  as  hefore  stated,  are  irregular;  they  may  exist  one  above  the  other,  or 
they  may  be  located  at  considerable  distances  apart,  and  jet  communicate,  since  the  oil 
is  the  result  of  tie  gas  in  a  condensed  state:  therefore  a  communication  must  exist  be- 
tween the  reservoirs  of  oil  and  Uie  gas  producing  them. 

These  gases  alivays  exist  in  a  high  state  of  tension,  since  this  accumulation  has  been 
gradual  and  almost  irresistible.  In  many  oases,  when  sfcruct  by  the  auger  and  thus 
relieved,  they  have  rushed  forth  from  the  well  with  the  violence  of  exploded  gunpowder, 
and  have  ejected  the  ponderous  boring-tools  out  of  the  hole  and  to  great  distances  from 
the  spot^  It  is  thus  manifest  that  the  pressure  of  the  confined  gases  on  the  oil  must  he 
very  great;  and  when  the  auger  descends  into  an  oil-cavity,  without^/'si  striking  its 
communicating  gas,  tlie  pressure  on  the  oil  must  cause  it  to  rush  up  tlie  auger-hole  with 
great  violence.  But,  if  the  gas  be  first  cut  in  large  quantities,  of  course  it  will  flovi'  up 
the  hole  independont  of  the  oil.  In  case  the  hole  is  then  continued  into  the  oil,  it  will 
depend  on  the  equilibrium  of  pressure;  that  is,  if  the  gas  forces  its  way  through  the 
vent  first  made  hy  the  auger  with  more  violence  than  it  hears  on  the  oil,  little  or  no  flow 
will  occur;  hut  if  the  pressure  he  nearly  on  equilibrium,  the  flow  will  be  intermittent. 
H  the  gas  escapes  tlirough  the  upper  or  first  vent,  so  as  to  relieve  its  pressure  on  the  oil, 
then  what  oil  may  be  struck  must  be  pumped.  If  both  oil  and  gas  exist  in  small 
■r  tension  is,  in  consequence,  weak,  then  pumps  must  also 

a^  and  flowing  wells,  when  l>oth  F  o   fl 

1    t  it  a  great  depth  gaa  al  ne  is 
m    and  figure  191  illustrates  this 
upiea  a  higher  stratum  than 
h  t  when  gas  exists  independent 
n  is  found  at  a  much  greater 
t  t      f  tension,    and  wh^n  struok 
1  nee,  as  demonstrated  1  y  the 
ih    deep  wells  on  the  Great  Ka 
wh        B  t  th  t  p  f  this  deep  gas  forces  small 

q  tt  ftmt  ltl[  t  through  the  minute  crevices  of  the  rocks  to  the  sur- 
&U.     and   ft  f      d        any  slaty  strata  reservoirs  of  oil  are  formed,  which 

constitute  the  upper  or  heavy  oils  of  Kanawha.    It  may  seem  strange  that  so  light  a 
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gas  should  form  this  heavy  oil,  but  it  is  produced  on  the  same  principle  on  which  all 
heavy  oik  are  produced,  viz. :  hy  the  condensation  of  the  gas  and  the  escape  of  its  most 
volatile  parts.  The  carbon  which  constitutes  from  one-third  to  one-half  the  volume  of 
this  light  gas  has  little  or  no  affinity  for  hydrogen  when  in  a  cold  condition:  therefore 
the  carbon  condenses  or  separates  from  a  portion  of  the  hydrogen,  leaving  it  free,  and 
the  result  is  a  carbon  oil,  containing  85  carbon  and  15  hydrogen.  A  further  evaporation 
of  the  hydrogen  leaves  the  carbon  in  all  stages  of  density,  from  a  heavy  oil  to  bitumen 
and  coal. 

THE   DISTRITiUTION   OF   PETROLEUM. 

We  shall  say  but  a  few  words  on  this  subject,  since  its  distribution  within  the  Great 
Basin  has  been  pretty  thoroughly  discussed  in  the  preceding  pages,  while  ita  existence 
in  volcanic  regions  has  also  been  mentioned.  Its  general  distribution  through  all  form- 
ations and  in  all  quarters  of  the  earth  is  generally  known.  We  will  only  call  atten- 
tion to  a  few  localities  where  oil  is  found  m  eonditjoos  differing  materially  from  those 
described. 

The  petroleum  of  Canada  does  not  differ  from  that  of  Pennsylvania,  though  geologists 
assign  it  to  the  Corniferous  limestone  or  the  third  oil-formation :  on  this  subject,  how- 
ever, there  is  some  disagreement,  since  others  place  it  in  the  second  formation,  and  on 
the  same  geological  horizon  with  that  of  Tenango.  Wo  have  not  given  the  subject 
muoh  attention,  and  will  not  attempt  to  decide  in  which  formation  it  is  found.  But 
whether  its  geological  ho«zon  be  higher  or  lower,  it  cannot  alter  the  fact  of  ita  esistence 
in  the  same  form  and  in  the  same  circumstance  and  conditions  as  found  in  Yenango 
oounty,  Pennsylvania. 

If  it  esists  in  the  lower  Devonian  or  upper  Silurian,  the  roots  containing  it  come 
near  to  the  surface  where  the  Canadian  petroleum  is  found,  and,  though  the  same  forma- 
tion may  be  over  2000  feet  deep  under  Oil  Creek,  it  is  only  from  300  to  500  where 
found  in  Chatham  county,  near  Lake  St.  Clair,  in  Canada.  At  the  greater  depth  under 
Oil  Creek  it  would  exist  as  gaa  only,  hut  at  the  Canadian  wells  it  would  naturally  be 
condensed  as  oil,  from  the  escape  of  the  hydrogen. 

The  oils  of  California  and  all  or  most  of  the  great  region  west  of  ihe  Rocky  Moun- 
tiuns  are  principally,  if  not  entirely,  of  volcanic  origin,  and  exist  in  the  vicinity  of 
volcanic  regions.  The  many  scattered  deposits  of  coal  of  a  later  date  than  the  true 
Carboniferous  prove  the  fact  of  their  volcanic  origin,  since  they  are  found  in  almost 
every  lithologioal  formation.  Like  the  eastern  coal-fields  of  Massachusetts,  Virginia, 
and  North  Carolina,  they  were  only  created  when  the  temperature  of  the  great  volcanic 
ranges  in  which  they  are  located  admitted  of  the  condensation  of  the  gases,  which 
naturally  must  have  been  of  mnch  later  date  than  in  tlie  comparatively  temperate 
regions  at  a  distance  in  the  waters  of  the  Great  Basin. 

We  cannot  refrain  from  noticing  the  fact  again  in  this  connection,  to  call  the  attention 
of  the  thinking  reader  to  the  uniformity  and  beauty  of  every  coincident,  when  we  refer 
the  production  of  coal  indirectly  to  tl  p  f  bon,  and  directly  to  the  resulting 
petroleum  and  bitumen. 

We  need  not  state  that  vapor  or  ga  n  I  ded  tl  earth  when  a  thousand  volcanoes 
vented  their  streams  of  molten  lava  nto  th  w  t  that  filled  its  deep  places ;  nor 
need  it  be  argued  that  the  vapor  f  b  n  a  d  th  hydrogen  of  water  should  unite 
under  the  heat  produced,  forming  ca  b      tted  hydrog  n  gaa. 

This  could  not  result  in  oil  under  the  heat  that  existed  in  the  vicinity  ot  volcanic 
action ;  but  at  a  distance,  where  the  molfen  lava,  shivered  by  its  contact  with  water, 
precipitated  as  sediment  in  the  waters  of  the  wide  Appalachian  basin,  the  temperature 
would  be  muoh  reduced,  and  the  carbon  would  part  with  much  of  its  hydrogen,  and 
become  in  consequence  petroleum. 
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In  every  great  coal-field  known,  a  prooeas  similar  to  this  took  place.  In  the  Welsh  an- 
thracite field  it  was  almost  identical,  and  in  the  Great  Northern  coal-field  of  Northum- 
berland and  Durham  in  England,  while  the  manner  of  its  production  might  have  been 
quite  different,  the  principle  was  the  same.  There  the  oil  forming  coal  might  not  be 
derived  from  distani;  aonrcea  of  heat,  but  tie  great  dikes  penetrating  the  coal-field  might 
have  produced  the  vapor  and  gas  of  the  hjdro-oarbons.  Theae  dikes  are  of  all  ages. 
The  "  -whin-aill"  underlies  the  coal,  while  the  great  ninety-fathom  dike  reaches  the  sur- 
face. At  some  points  the  coal  has  been  formed  on  the  dikes,  and  of  course  subsequent 
to  their  formation ;  while  at  others  (he  ti'ap  invades  the  coal  measures  from  bottom  to 

The  debris  forming  the  rooky  stjata  may  have  been  partially  derived  from  the  vol- 
canic dikes  piercing  the  field,  but  ia  all  probability  the  sedimentary  matter  was  derived 
from  more  distant  sources.  It  is  not  essential,  however,  to  the  correctness  of  the  theory 
given  that  the  hydro-carbons  should  be  derived  in  part  or  in  ■whole  from  the  heat  of 
local  volcanic  action,  nor  do  we  feel  at  all  confident  that  such  was  the  case.  It  is  equally 
or  perhaps  more  probable  that  both  the  regions  of  heat  and  the  sources  of  the  rocky 
material  were  remote  from  the  English  fields  of  bituminous  coal.  We  find  our  Western 
eoal-fieids  and  the  accompanying  strata  over  a  thousand  miles  from  their  sources  of  pro- 
duction. 

Petroleum  has  been  produced  and  utilized  for  centuries  in  Burmah,  and  it  ia  reported 
the  production  has  amounted  to  over  half  a  million  barrels  annually.  The  wells  do 
not  appear  to  be  deep,  but  are  generally  large  excavations,  into  which  the  oil  rises  con- 
tinually, giving  off  its  more  volatile  parts  and  remaining  as  a  heavy  oil.  Nothing  posi- 
tive has  come  beneath  our  notice  in  regard  to  the  geology  of  this  district,  though  it  has 
been  said  that  small  seams  of  impure  coal  or  bitumen  exist  below  the  oil-wells.  Our 
impression  is  that  it  must  be  a  volcanic  region,  and  that  the  oil  is  constantly  produced 
as  it  is  produced  in  Cuba  and  Trinidad,  rising  from  the  volcanic  sources  of  heat 
through  the  strata  fo  the  surface. 

The  naphtha  of  Persia  has  been  celebrated  for  a  long  period,  and  has  been  used  for 
sacred  oblations  and  light  in  the  pagan  temples  for  ages.  It  is  lighter  tlian  the  Penn- 
sylvania petroleum  generally,  but  about  the  consistency  of  the  oils  produced  from  our 
deep  wells.  In  regard  to  tlie  formation  and  geological  character  of  the  Persian 
naphtha  we  can  say  nothing. 

In  China  petroleum  has  been  long^nsed.  It  ia  found  in  sevetai  localities ;  but  we  have 
only  one  to  note,  in  which  it  exists  in  much  the  same  geologiuil  Londitioo.  and  position 
aa  it  is  found  on  the  Great  Kanawha  in  connection  with  coal  and  salt  The  oil  is  very 
light  when  first  esposed,  or  when  found  at  a  great  depth  from  the  surface  bnt  heoomes 
thick  on  exposure.  Gas  is  frequently  struck  in  the  salt-well'  which  are  often  over  1500 
feet  deep;  and  sometimes  its  discharges  are  so  violent  md  ttmfit  as  to  susjeud  all 
Operations  in  the  vicinity. 

When  the  gas  thus  emitted  becomca  ignited,  the  effects  are  tremendous  and  ff  irful,  as 
shown  by  late  experience  in  Northwestern  Pennsylvanii  an  I  1  y  former  atonlcnta  on 
the  Great  Kanawha. 

DISTILLATION!   OF   COAL-OIL. 

We  have  collected  and  prepared  a  large  quantity  of  materials  on  the  subject  of  petro- 
leum and  coal-oil, — enough,  in  fact,  to  fill  a  work  as  large  aa  the  one  before  ua;  but  both 
time  and  apaco  admonish  briefness,  and  we  are  necessarily  forced  to  abandon  the  idea 
of  presenting  an  eshauative  treatise,  or  even  an  epitome  of  the  many  subjects  that 
naturally  present  themselves  for  examination. 

Though  many  have  written  on  those  subjects,  none  have  esamined  and  discussed 
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them  practically,  and  tJiere  jet  remains  much  to  be  said  and  learned  in  regard  to  their 
utility,  as  well  as  their  character  "lad  prnduetions  A  work  on  this  subject  could  not 
fail  to  he  interesting  and  useful  V-  e  have  seirched  in  vain  for  something  prnctical  in 
relation  to  the  origin  of  petroleum  and  tial  oil  hut  have  read  or  heard  of  no  uublioa- 
tion  of  the  character  desired  Man\  of  the  boolu  published  on  these  subjects,  however, 
are  interesting,  and  present  infoimation  new  to  the  public,  but  most  of  them  are 
rambling,  indefinite,  and  far  from  siti-faetory 

COAL   AND   COAL-OIL. 

The  common  varieties  of  mineral  coal  are  divided  into  several  classes,  according  to 
their  denaity  and  the  volatile  or  bituminous  matter  they  cont^n.  Hard  anthracite  is 
the  most  dense  and  contains  the  most  carhoo.  On  the  Lehigh  and  through  a  great  por- 
tion of  the  eastern  end  of  tho  rirst  and  Middle  coal-flelds  the  density  of  anthracite  is 
about  1500,  water  being  1000,  and  its  constituents  are — carbon  about  90  parts,  water  and 
volatile  matter  from  5  to  6  parts,  and  earthy  impurities  from  4  to  5  parts. 

The  density  of  the  Wyoming  coals  is  rather  less  than  the  above,  while  the  volatile 
matter  is  a  little  more.  In  the  western  end  of  the  First  and  Middle  eoal-fields  the 
density  of  the  eoal,  which  is  a  semi-anthracite,  is  about  HOO,  and  its  constituents, 
carbon  85  to  88,  volatile  matter  8  to  12,  and  earthy  impurities  5  to  8. 

The  semi-bituminous  coals  of  Broad  Top  and  Cumberland  have  a  density  of  1300  to 
1400,  and  their  constituents  are— carbon  75  to  85,  volatile  matter  10  to  20,  and  earthy 
impurities  from  5  to  7.  The  rich  bitnminous  coals  of  tho  West  have  a  density  of  1200 
to  1300 ;  their  constituent  parts  are—carbon  60  to  60,  volatile  matter  35  to  48,  and  ashes 
from  2  to  6.  Canuel  coals  are  usually  a  little  lighter  than  the  common  bituminous,  and 
contain  more  volatile  matter,  frequently  as  high  as  50  and  evoa  60  per  cent. 

Coal-oil  and  illuminating  gas  aie  made  only  from  the  two  last-named  coals, — the  rich 
bituminous  or  the  richer  caBnel, — not  because  it  is  impossible  to  turn  the  former  back 
into  oil  or  gas,  but  because  under  present  development  it  has  not  been  considered  prac- 
tical, and  because  the  richer  bituminous  coals  can  be  made  to  give  up  their  volatile 
matter  with  more  economy.  We  presume  our  coal-oil  manufacturers  will  scarcely 
realize  that  nearly  tho  whole  mass  of  the  coal  can  be  reduced  to  oil ;  but  such  is  the  faflt, 
The  present  mode  of  destructive  distillation  is  estremely  wasteful  and  expensive.  We 
have  shown  that  all  valuable  coal  is  composed  of  from  90  to  98  per  cent,  of  carbon  and 
volatile  matter, — principally  hydrogen;  hut  when  the  volatile  matter  is  very  great,  per- 
haps oxygon  and  nitrogen  may  form  small  portions  of  the  volatile  constituents  of  coal. 
It  has  been  demonstrated  that  the  solid  body  of  coal  was  produced  from  gas  or  gases, 
first  condensed  in  the  form  of  oil,  and  subsequently  solidified  by  the  evaporation  of  tha 
most  volatile  parts.  Coal,  therefore,  is  a  solidified  gas,  which  may  be  again  resolved 
into  its  original  condition  by  heat^  and  again  condensed  to  oil  and  solidified  as  coal  by 
the  natural  process.  That  loss  will  take  place  in  the  practical  treatment  is  evident, 
since  much  of  the  rarefied  vapor  would  escape;  hut  the  process  which  produces  only  40 
gallons  of  oil  from  a  coal  containing  50  per  cent,  of  bituminous  matter,  which  should 
produce  over  lOO  galloua,  is  certainly  far  from  perfection.  When  wo  consider,  however, 
that  tho  entire  mass  of  coal,  excepting  the  earthy  impurities,  may  be  reduced  to  gas, 
and  again  condensed  into  oil,  we  find  how  very  far  we  are  from  the  perfect  chemical 
processes  of  Nature.  Yet  we  think  they  may  be  imitated  with  success  and  economy. 
The  cost  of  obtaining  100  gallons  of  oil  from  a  ton  of  cannel  coal  should  not  be  greater 
than  that  now  sustained  in  the  production  of  40  gallons ;  and  perhaps  we  may  he  safe 
in  stating  that  double  the  quantity  of  oil  specified,  or  200  gallons  of  oil,  may  be  pro- 
duced from  a  ton  of  rich  cannel  coal,  and  proportionate  amounts  from  coal  of  a  less 
pure  variety. 
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Oil  may  be  produced  from  anthracite  and  semi-bituminous  coals;  but  it  is  a  question 
whetlier  any  process  whioh  could  be  adopted  would  pay  as  a  practical  operatioD. 

Our  view  of  the  matter  may  be  stated  in  a  few  words.  Nature  haa  produced  and 
stored  away  for  man  a  vast  amount  of  carboa  in  various  forms, — as  gas,  as  oil,  as 
bitumen,  and  as  coal.  It  seems  contrary  to  the  rules  of  chemistry  and  the  laws  of 
reason  that  we  should  let  the  gas  from  which  she  produced  oil  and  coal  go  to  waste, 
while  we  convert  the  coal  back  into  gas  and  then,  intfl  oil.  Would  it  not  he  more  prac- 
tical and  economical  to  convert  the  waste  gas,es  into  oil,  rather  than  the  coai  into  gas, 
and  this  coal-gas  into  oil!  The  q^uestion  may  be  asked.  Can  it  be  done?  We  think  it 
can,  and  we  hope  to  demonstrate  the  fact.  But  it  cannot  be  done  here  and  now,  since 
patents  are  pending  on  the  processes,  and  neither  our  space  nor  time  would  permit  their 
discussion  in  this  oonnection. 

It  is  not  practical,  however,  to  olit^n  free  gas  in  all  localities ;  but  in  all  coal-fields 
gas  may  be  obtained  by  boring  to  the  proper  depth,  even  in  the  anthracite  regions 
where  petroleum  does  not  exist ;  but  tliere  it  would  be  very  deep.  In  localities  where 
subterranean  gas  cannot  be  obtained,  both  gas  and  oil  may  be  produced  from  coal  with 
more  economy  than  oil  can  be  supplied  under  present  development :  but  our  impression 
is  that  our  resources  of  hydro-carbons,  in  the  shape  of  petroleum  and  petroleum  gases, 
principally  within  the  Alleghany  coal-field,  are  equal  to  any  demand,  and  that  oil  pro- 
duced from  gas  may  yet  supply  light  to  cities  and  towns,  villages  and  private  honsea, 
with  more  economy  than  it  can  be  produced  from  the  richest  cannel  coal. 

We  before  observed  that  both  the  carbon  and  the  bitumen  of  coal  may  be  reduced  to 
vapor  or  gas,  and  that  this  may  be  condensed  in  the  shape  of  oil.  Tho  manner  of  con- 
verting subterranean  gas  to  oil  would  be  nearly  similar  to  that  employed  in  the  re- 
duction, of  coal-gas,  and  the  chemical  action  is  a  close  imitation  of  the  processes  of 
nature,  in  which  water  and  air  act  principal  parts,  ■while  heat  and  cold,  in  eombination 
with  mechanical  power,  expands  or  condenses  the  coal  or  the  gas.  The  modus  operandi 
and  the  mechanical  means  are  not  necessarily  confined  to  one  single  mode.  Every 
chemist  and  mechanic  knows  how  various  are  the  processes  or  mudus  frequently  used 
in  accomplishing  the  same  object. 

The  aim  of  the  practical  and  experienced  is  always  towards  economy  and  simplicity. 
One  mode  maybe  very  beautiful  and  attractive  in  theory,  but  very  expensive  and  profitr 
less  in  practice.  It  is,  therefore,  of  the  first  importance  that  the  simplest  and  most 
economical  modes  and  processes  be  employed  in  all  practical  operations  when  they  can 
be  made  available ;  but,  as  before  stated,  we  cannot  here  illustrate  the  various  modes  of 
distilling  coal-oil  now  in  use,  or  those  which  may  he  more  available;  while  the  process 
of  condensing  or  utilizing  petroleum  gases  would  be  still  more  difficult  to  explain  for 
practical  purposes  in  the  space  now  at  our  command.  The  hints  we  have  given  may 
set  practical  men  to  thinking,  and  to  an  investigation  of  the  subjects  discussed,  and 
which  may  lead  to  useful  results.  We  propose,  however,  to  elaborate  these  subjects 
fully  in  a  future  publication,  when  experiments  now  in  process  of  operation  shall  have 
demonstrated  the  most  practical  processes  both  of  the  distillation  of  coal  and  the  con- 
densation of  gas. 

The  modes  now  practised  for  the  distillation  of  coal  and  other  bituminous  subsfanees, 
and  the  production  of  coal-oil  therefrom,  are  both  expensive  and  wasteful ;  while  the 
refining  of  the  crude  oil,  whether  petroleum  or  coal,  is  complicated,  costly,  and  im- 
perfect. 

CONCLUSION   OF   PETROLEUM. 

This  may  seem  a  hasty  and  unsatisfactory  conclusion  of  one  of  the  most  important 
subjects  of  this  work, — one  which  perhaps  we  ought  to  have  commenced  with;  and 


n  by  Google 


b/Z  PETEOLEUM. — ITS    GEOLOGY,  DISTKIEUTION,  ETC. 

were  we  to  rewrite  the  book  such  -mould  be  the  order  in  which  we  should  arrange  the 
Buhjects,  since  petroleum  naturally  precedes  coal,  and  should  receive  the  first  attention. 
Many  of  our  readers,  who  are  more  interested  in  oil  than  coal  or  iron,  may  he  dis- 
appointed at  tliis  abrupt  termination,  without  any  reference  to  the  practical  operations 
of  boring  for  and  producing  oil.  We  can  only  plead  that  our  limits  have  been  greatly 
eaceeded,  and  we  are  now  forced  to  a  conclusion  nolens  voleiw. 

In  discussing  the  subject  of  petroleum,  however,  we  have  kept  off  the  becten  ground 
of  other  writers,  and  have  presented  it  in  such  a  manner  as  may  lead  t«  a  correct  appre- 
ciation of  this  comparatively  new  source  of  our  mineral  wealth,  and  its  economical  and 
practical  development;  while  the  many  facts  in  relation  to  the  hydro-carbons,  ho  clearly 
domonatrated  in  that  portion  of  this  work  devoted  to  the  formation  and  origin  of  coal, 
prove  the  correctness  of  our  otherwise  theoretical  concluaions,  and  present  uumiatakable 
evidence  of  the  identical  origin  of  coal  akd  coal-oil. 

THE   END. 

With  a  few  brief  words  v  ust  on  lu  le  tl  s  tl  ]  r  n  j  1  j  a  t  of  our  worli,  and 
reserve  for  the  Appewb  x  o  r  stat  at  eal  table  dea  r  [  t  ns  ot  n  %  and  euoh  other 
information  as  require  frequent  alterat  ons  from  annual  add  t  ons  and  changes.  The 
main  portion  of  the  boolt  or  C74  pagei  a  in  eleatrotjped  platen  but  the  AppENnix  is 
not  electrotyped. 

In  concluding  our  long  and  arduous  labors,  we  feel  inclined  to  recapitulate  and 
present  an  epitome  of  the  subjecta  discussed;  but  fear  todo  iryustice  to  both  ourselves 
and  our  readers,  aince  tlie  whole  work  is  condensed  and  conoiae,  and  nothing  less  than 
a  revision  of  the  whole  would  present  a  fair  or  just  compendium. 

A  partial  or  minute  statement  would  convey  but  an  indefinite  idea  of  the  booli,  wliih' 
even  a  brief  synopsis  would  occupy  more  room  than  we  can  now  spare.  We  would 
therefore  respectfully  refer  to  our  Prefaue,  Table  of  Contents,  and  concluding  Index  of 
Subjecta,  na  the  best  epitome  we  enn  present,  Eiery  subject  will  be  found  under  it^ 
appropriate  bead  and  in  the  order  of  their  occurrence. 

The  voLCAKic  THEORY  herein  advanced  will  give  a  new  and,  we  hope,  a  correct 
starting-point  to  the  science  of  geology.  We  have  always  thought  the  main  theories 
of  the  science  to  have  been  conceived  iu  error  by  modern  sophists  and  infidels,  who 
invented  them  as  arguments  against  the  truth  of  revelation  and  the  Bible.  Even  those 
who  have  battled  manfully  and  sucoeasfuUy  for  the  truth  seem  to  have  accepted  the 
theories  framed  by  its  adversaries,  and  sought  no  other  guide  to  the  natural  processeh 
of  Creation. 

We  cannot  resist  quoting  the  words  of  an  old  and  celebrated  Cornish  miner,  whose 
implicit  faith  in  the  truth  of  revelation  made  him  its  staunch  defender  and  a  powerful 
opponent  te  its  revilers.  We  do  not  endorse  all  his  sentiments,  nor  embrace  his  sweep- 
ing denunciations  of  geology  and  geologists;  but  we  do  think,  as  he  did,  that  the  science 
was  not  only  conceived  in  falsehood,  but  agmnat  the  truth,  by  the  enemies  of  religion, 
and  that  it  has  been  developed  under  all  the  difficulties  of  the  original  error.  The 
science  itself  we  consider  the  grandest  study  open  to  the  human  mind,  and  its  great 
masters,  who  have  elucidated  so  many  wonderful  truths  from  its  dark  arcana,  are  en- 
titled to  our  highest  respect  and  admiration.  Nevertheless,  our  voice  is  given  against 
the  errors  of  infidelity,  whether  adopted  by  geologists  or  tlie  teachers  of  men;  for  we 
believe  that  the  Wokks  of  Crbatios'  will  agree  with  the  Word  of  Gon. 

"Permit  us  to  inquire  what  benefit  mining  has  received  from  all  the  writings,  lectures, 
societies,  premiums,  researches,  and  labors  of  our  large  body  of  theoretical  geologists  f 
If  I  am  wrong,  please  to  set  me  right;  but,  I  declare,  I  know  not  a  single  instance  where 
any  good  has  emanated  from  their  exertions,  to  the  value  of  a  swabbing-stick !    All  thQ 
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progress  made  in  the  disooyerj  and  workiog  of  mines  has  been  without  their  help ;  the 
ancient  methoda  of  detecting  or  identifying  a  metallic  vein  bj  shodes,  gossans,  mineral 
waters,  gases,  &c.  have  received  no  improvement  from  them,  although  we  are  persuaded 
that  a  fine  field  for  art  and  science  is  still  open  here;  for,  as  nature  always  works  hy 
general  laws,  we  helieve  that  if  all  the  indications  which  attend  a  rich  metallic  vein 
could  be  detected,  that  mining  would  not  be  so  much  a  speculation  as  it  is  at  present. 
But  what  can  be  the  cause  that  such  a  large  hody  of  talented  men,  devoted  to  the  sub- 
ject, ambitious  to  excel,  and  'with  all  appliances  and  means  to  boot,'  should  be  thus 
notoriously  useless  and  unprofitable?  Now,  Mr.  Editor,  allow  me  to  observe  that 
tlieology  should  ever  be  the  basis  of  geology.  This,  sir,  is  the  grand  cause  why  the 
efforts  of  our  geological  societies  have  utterly  failed:  thej  have  set  themselves  against 
the  truth,  they  have  rejected  the  inspired  history  of  the  creation  of  the  "world;  hence 
their  writings  and  sayings  are  replete  with  error,  inconsistency,  and  contradiction, 

"Let  them  begin  again,  cancel  what  they  have  written,  and  lay  their  foundation  on 
the  sublime  account  given  us  in  the  Scriptures.  Then  let  them  follow  Nature  in  all  her 
grand  and  stupendous  subterranean  operations,  and  they  will  discover  a  world  of  har- 
'  monious  wonders,  and  will  bring  to  light,  to  the  admiration  and  benefit  of  mankind, 
the  cause  and  efi'ect  of  the  magnificent  order  of  every  part  of  creation  that  is  allowed 
to  fall  under  the  inspection  of  man, 

"  I  shall  be  borne  out  in  stating  my  firm  conviction  that  no  skeptic  ever  made  a  good 
geologist;  and,  whatever  those  men  may  think  of  themselves  who  dare  to  write  in  con- 
tradiction to  the  Word  which  the  Creator  has  graciously  condescended  to  bestow  on  his 
creatures,  they  are  no  bettor  than  practical  atheisfs  in  the  judgment  of  all  men  'who 
believe  and  know  the  truth,'  and  their  writings  are  calculated  to  inflict  a  serious  injury 
on  society  and  sap  the  foundations  of  Christian  faith."* 

* Budss's  Miner's Oaide ;  Letter  to  tlia  "London  Mlulng  Journal." 
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PART  VIII. 


This  portion  of  tlie  Book  will  be  devoted  almost  eiclusively  to  statistical 
statements,  descriptions  of  mines,  manufactures  and  places,  and  business  matters 
generally. 

It  was  intended,  wiien  this  work  was  commenced,  to  illustrate  its  text  and  sustain 
its  arguments,  by  notes,  from  various  authorities,  in  the  Appendix  i  but,  though  a 
large  quantity  of  manuscript  has  heeu  prepared  for  this  object,  we  are  compelled 
to  reject  the  wliole  for  want  of  space. 

We  proposed,  in  page  35,  to  trace  a  parallel  between  Geology  and  the  Bible, 
as  given  m  the  Mosaic  account  of  Creation,  and  on  page  81  we  promised  tc  give 
Professor  Eogers'  tiieory  of  coal  formation  in  this  portion  of  our  work ;  but  we 
are  compelled  to  omit  both,  for  the  reasons  assigned,  though  the  copy  was  pre- 
pared for  the  printers.  Professor  Eogers'  theory  may  be  found  on  page  80a  of 
his  great  work  on  the  (jeology  of  Pennsylvania. 


NOTES  AND  EXPLANATIONS. 

Note  I. 

THE  CONGLOMERATE  P  ">Cr  OF  TTIF  COAL  MEiSUPFS 

Op        57        d        b       th  k  w    w  d       1  t    f  11  w  1h    th  f 

P  ILly  itt  aidf         t— fitb  wh 

mhfid  Pf  Lljp  1  db  th 

mtp         tl       mdtjtfyth  1  Bt  Lly  ddd 

thqt  H       y        hM        IfClpglS        Btftedjmg 

f     II  1h  gum    t  t        ly   i      t        m  p      1  / 1         dm 

a.>tkwmthdfpl        gt  ptbltjtmp  gt 

d      1      t  m 

Pf  B  dfCl      Idmt  bymyt      g      gimttht 

th    p  Ul        f  tl  1  t  k  nc    f  d  th    p       [      t      f 

1  fl  fldp  Im       fmdbythh  It         fl        & 

These  pebbles  are  always  smooth,  as  if  formed  by  detrition,  like  those  of  a  shore 
or  stream ;  but,  unlike  the  latter,  they  present  no  angular  surfaces ;  those  which  are 
not  wholly  smooth  are  crystalline;  they  are  generally  flattened,  and  always  imbedded 
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on  their  flat  anrfaces,  as  showa  in  figure  5.  They  are  often  pitted  as  if  marked 
while  ill  a  soft  condition,  and  Bometimea  contain  impressions  of  plants,  which  most 
have  been  produced  while  the  pebbles  were  ia  a  soft  condition.  These  and  other 
considerations,  which  we  will  state  below,  induce  ns  to  conclude  the  conglomerate 
rock  to  be  precipitated  during  a  time  of  volcanic  quiet,  and  that  the  white  pebble 
are  concretions  of  silez. 

The  immense  horizon  of  this  rock ;  its  uniform  spread,  yet  gradual  depreciation 
both  in  tliickness  and  coarseness  westward  and  northwestward,  indicate  its  source 
as  identical  with  that  from  which  all  or  most  of  the  material  fllling  the  Great  Basin 
was  derived.  We  said,  on  page  57,  that  "  it  evidently  could  not  have  been  of  vol- 
canic origin,  since  there  appears  to  be  little  or  none  of  the  pure  igneous  rocks  in 
the  mass."  This,  we  must  state,  is  erroneous  in  fact,  though  correct  when  con- 
sidered as  a  purely  sedimentary  formation,  produced  by  the  detrition  of  existing 
rocks;  but  we  have  persistently  advanced  the  theory  of  the  volcanic  origin  of  all 
onr  rocky  strata,  whether  clay,  slat*  or  sandstone ;  yet  these  rocks  contain  no  evi- 
dence of  direct  volcanic  eruption.  The  Eed-shale,  on  which,  and  in  which  the  con- 
glomerate pebbles  are  frequently  imbedded,  does  not  appear  to  be  derived  from 
volcanic  soarces,  and  yet  that  such  is  its  sonrce  cannot  be  successfully  denied, 
though  at  the  time  of  ita  precipitation  violent  volcanic  action  did  not  take  place 
except  at  intervals,  hut  the  ashes,  dust  and  smoke  of  their  smouldering  quite  filled 
the  air  and  the  waters  with  a  fine  sediment,  intermixed  with  the  coarser  strata  of 
intermittent  eruptions.  To  be  consistent,  we  must  therefore  repudiate  the  theory 
of  detrition,  as  stated  on  page  57,  and  accept  the  more  natural  one  of  concretion, 
to  account  for  the  white  pebbles  in  the  conglomerate  rock. 

Note  II. 
EOCK  FAUI-TS. 

On  page  295  we  stated  our  inability  to  account  for  a  certain  class  of  rock  faults, 
shown  in  figure  110,  in  which  the  rook  occupies  narrow  walls  across  the  plane  of 
the  coal,  sometimes  only  a  few  feet  in  thickness,  dividing  the  coal  in  the  form  of  a 
dike,  and  yet  not  injuring  the  size  of  the  bed  or  the  quality  of  the  coal.  "VVe  And 
the  coal  on  each  side  of  these  peculiar  faults  perfectly  pure,  but  abruptly  ter- 
minating against  the  face  of  the  fault.  These  faults  rarely  extend  above  or  below 
the  coal.  They  simply  divide  the  bed,  and  are  always  composed  of  the  same 
material,  whether  slate  or  rock,  which  forms  the  "  roof"  or  strata  covering  the 
coal-bed. 

In  tracing  the  evidence  ofiered  hy  existing  facts,  to  prove  that  mineral  coal  is  the 
result  of  petroleum,  or  a  solidified  hydro-carbon,  we  find  the  rock  faults  alluded  to 
satisfactorily  explained  by  the  fact  that  the  bitumea  resulting  from  the  evaporation 
of  the  lighter  portions  of  petroleum  on  the  surface  of  the  water,  frequently  exhibit 
cracks  or  fissures  across  its  surface  for  great  distances,  as  shown  by  the  pitch  laies 
of  Trinidad  and  other  places,  . 

These  cracks  or  flsswres  would  naturally  become  filled  with  earthy  matter,  and 
form  the  rock  faults  just  as  we  find  them. 

No  other  theory  can  satisfactorily  account  for  the  peculiar  faults  herein  discussed, 
and  the  natural  and  clear  explanation  thus  afforded  offers  another  proof  of  the 
formation  of  our  coal-beds  from  the  condensed  hydrocarbon.  With  the  facts  now 
before  us,  and  the  vast  amount  of  evidence  gathered  in  our  patient  and  laborious 
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inTeatigation  of  tMs  subject  during  tbe  two  years  we  have  devoted  to  this  work,  we 
conld  now  preaeat  our  theory  of  the  Natuhal  Processes,  and  the  formation  of 
mineral  coal,  much  more  clearly  and  aatisfactorily  than  they  have  been  presented  in 
COAL,  IRON  and  oil,  but  we  must  now  let  it  stand  as  written.  We  did  not  set  down 
to  prove  a  peculiar  theory,  but  the  theory  grew  into  shape  and  being,  by  the  facts 
which  were  developed  by  a  close  investigation,  and  by  thirty  years  of  former 
espci'ience  and  extensive  practical  observation. 


COAL-BEDS  OR  SEAMS  vs.  YEINS. 

The  anthracite  coal  miners  invariably,  though  ervoneouslj,  apply  the  term  "  vein" 
to  denominate  the  anthracite  beds,  and  we  have  followed  them  in  using  this 
arbitrary  term,  because  it  has  become  a  technicality,  or  mining  phrase,  in  the 
anthracite  regions,  which  cannot  be  now  changed  as  a  common  name.  Beds  are, 
perhaps,  the  most  proper  name  by  which  to  designate  our  coal  strata.  In  England 
they  are  generally  known  as  "  seams,"  while  in  the  western  and  southern  States  the 
coal-beds,  as  well  as  the  coal-mines,  are  known  generally  as  "coal-banks."  In. 
writing  of  other  coal-fields,  or  those  not  in  the  anthracite  regions,  we  have  generally 
used  the  term  "seam,"  but  coal-beds  are  more  appropriate.  The  name  vein  was 
derived,  perhaps,  from  the  Cornish  miners,  who  knew  no  term  but  lode  or  vein  for 
all  kinds  of  mineral  deposits  or  formations. 


EOGEES'  NOMENCLATURE. 

AVe  have  frequently  made  use  of  Professor  Rogers'  nomenilaturo  of  the 
Paifeozoic  strata  of  the  Appalachians  in  this  work.  On  page  ,-i6  nili  be  tuond  the 
Palieozoic  column  in  Pennsylvania,  and  the  equivalents  of  Rogers'  divisions  in  New 
York  and  England. 

Note  V. 
the  oeeat  basin. 

Figu  e  in  pa^e  3''3  represents  the  Great  Appalachian  or  Mississippi  Basin, 
We  have  g  ven  this  Great  Basin  various  names  in  discussing  the  formation  of  the 
palsozo  strata  tl  ere  n.  First  we  call  it  the  "Ancient  Sea,"  because  it  was  occu- 
pied or  filled  a  the  beginning,  from  the  granite  coast  range  of  the  east  to  the 
Rocky  Mounta  by  water,  and  existed  as  a  sea.  We  also  call  it  the  "  Great  Inland 
Sea,"  le  auae  t  grad  ally  became  less  in  estent,  and  retreated  inland,  by  the  rapid 
accumulation  of  the  sedimentary  strata  in  its  eastern  and  south-eastern  portions. 
It  is  also  known  as  the  Appalachian  Basin,  and  this,  perhaps,  is  the  most  compre- 
hensive term,  since  no  other  name  seems  to  be  applicable  as  a  cognomen  for  the 
entire  basin.  This  term,  however,  is  arbitrary,  and  originaliy  applied  to  tlie  moun- 
tain ranges  on  the  eastern  side  of  the  basin.  The  "  Mississippi  Basin"  is  a  name 
sometimes  given  to  the  entire  formation,  though  properly  it  is  applicable  only  to  that 
portion  of  the  basin  drained  by  the  waters  of  the  Mississippi. 
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SECTION  I. 
STATISTICS  OP  IRON. 

The  following  data  and  statistical  tallies  concerning  the  iron  trade  of  the  United 
States  are  compiled  from  the  publications  of  the  American  Iron  and  Steel  Associa- 
tion, by  permission. 

The  late  Secretary,  Dr.  Eobert  H.  Lamhorn,  baa  diyided  the  Anthracite  Iron 
Manufactures  into  five  districts,  for  convenience  of  reference  and  tabulation,  and 
with  much  indnatrj  has  completed  a  set  of  elaborate  and  compreheasiye  tables, 
from  which  the  following  are  merely  abstracts : 


1st,  or  LEHIGH  GROUP  OP  PUENACES. 

See  Tables  1  and  2,  'pages  684  and  685. 

In  1849  the  Lehigh  region  produced  hut  44,341  tons  of  meta),  being  an  average 
of  4,434  tons  for  each  furnace  in  blast.  In  1860,  the  year  before  the  war,  they  pro- 
dnced  173,075  tons,  while  in  1864,  the  last  of  which  we  have  definite  information, 
their  production  reached  214,093  tons,  an  average  of  7,929  for  each  furnace.  Their 
total  annual  capacity  in  1860  was  176,166  tons.  In  the  present  year  they  are  capa- 
ble of  producing  267,116  tons.  This  region  consumed  in  1864,  486,105  tons  of  ore, 
and  459,051  tons  of  anthracite  coal ;  a  consumption  of  about  two  and  one-third  tons 
of  ore,  and  two  and  one-seventh  tons  of  coal  for  each  ton  of  iron  made.  Of  the 
thirty  furnaces  in  this  group,  twenty-two  are  now  in  blast. 


2d,  ok  SCHUYLKILL  GEOUP  OP  PUENACES. 

See   Tables  3  and  4,  pages  686  and  687. 

Of  the  twenty-four  furnaces  in  the  Schuylkill  group,  twenty  are  now  in  blast.  la 
the  year  1849  this  region  produced  23,436  tons  of  metal,  being  an  average  of  2,939 
tons  for  each  furnace  in  operation.  In  1860  tbey  produced  92,345  tons,  and  in  1864, 
112,806  tons,  an  average  of  5,372  tons  per  furnace.  In  1850  the  total  capacity  of 
the  region  was  42,000  tons.  In  1864  fhere  were  259,000  tons  of  ore  and  327,000 
tons  of  coal  consumed,  a  consumption  of  about  two  and  thrcc-tentb  tons  of  ore, 
and  two  tons  of  coal  for  each  ton  of  iron. 


3d,  or  lower  SUSQUEHANNA  GROUP  OF  EUENACE8. 

See   Tables  5  ami  6,  fages  688  and  689. 

Of  the  thirty-two  furnaces  comprising  the  Lower  Sngquehanna  group,  twenty-two 
ire  now  in  blast.    In  1849  this  region  produced  24,356  tons  of  pig  metal,  an  aver- 
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age  of  2,694  tons  per  furnace  in  blast.  In  1860  tiey  ma(le  101,246  tons,  and  in 
1864, 118,615  tons  were  produced,  averaging  4,394  tons  per  furnace.  The  capacity 
of  these  fnrnaees  in  1850  was  72,400  tons ;  they  are  now  able  to  prodnoe  170,861 
tons.  In  1664  this  region  consumed  271,762  tons  of  ore  and  228,886  tons  of  coal, 
a  fraction  over  two  and  one-third  tons  of  ore,  and  aboat  two  tons  of  coal  for  caeh 
ton  of  iron  made. 

4th,  OB  UPrEE  SUSQUEHANNA  GEOUF  OF  FURNACES. 


See  Tables  7  and  8,  pages  690  and  691. 

Of  the  twenty-nine  furnaces  in  the  Upper  Susquehanna  group,  sixteen  afc  now  in. 
blast.  In  1849  this  region  produced  26,625  tona  of  iron,  an  average  of  2,420  tons 
per  furnace  in  blast.  In  1860  the  production  was  69,698,  which  wm  increased  in 
1864,  108,664  tons,  an  average  of  5,174  tons  for  each  furnace  in  operation.  The 
utmost  capacity  of  this  region  in  1850  was  58,700  tons.  The  present  year  it  ia 
capable  of  producing  161,500  tons.  Bight  furnaces  in  this  group  have  been  idle  for 
a  number  of  years,  and  it  is  not  likely  that  they  will  again  be  put  in  blast.  In  1864 
the  furnaces  in  this  region  consumed  261,015  tons  ore  and  213,477  tons  coal,  being 
two  and  two-fifths  tons  of  ore,  and  about  two  tons  of  coal  for  each  ton  of  h'on 
manufactured. 

5™,  on  EASTERN  GROUT*  OF  FURNACES. 

See  Tables  9  and  10,  pages  692  and  693. 

The  eastern  group,  comprising  all  the  anthracite  furnaces  east  and  north  of 
Pennsylvania,  excepting  the  Cooper  furnaces  in  New  Jersey,  which  more  properly 
belong  to  the  Lehigh  region.  Of  this  group  New  Jersey  contains  one.  New 
York  twenty-four,  Connecticut  two,  and  Massachusetts  three  furnaces. 

In  the  eastern  group  there  are  thirty-one  furnaces,  of  which  ten  are  now  in  blast. 
The  cause  of  the  general  inactivity  in  the  valleys  of  the  Hudson  and  Housatonic 
rivers  is  attributed  to  difBcnltiea  among  the  miners  and  the  high  price  of  coal.  In 
1854  the  furnaces  comprised  in  the  eastern  gronp  produced  47,158  tons  of  pig  metal, 
an  average  of  3,930  tons  for  each  furnace  in  blast,  twelve  being  then  in  operation. 
In  1860  they  produced  88,167  tons,  and  in  1864, 130,140  tons,  being  an  average  in 
1864  of  5,9H  tons  per  furnace  in  blast. 

The  utmost  capacity  of  these  works  in  1850  was  36,000  tons.  Their  estimated 
capacity  the  present  year  is  2(11,841  tons ;  in  1864,  242,485  tons  of  ore  and  256,147 
tons  of  coal  were  used,  a  consumption  of  two  and  three-tenths  tons  of  ore,  and  two 
tons  of  coal  for  each  ton  of  iron  made.  Of  the  total  production  in  1864  of  anthra- 
cite pig  iron,  there  was  produced  in  Massachusetts,  2,509  tons ;  New  York,  120,463 
tons;  New  Jersey,  29,578  tons;  Pennsylvania,  521,391  tons;  Maryland,  10,378  tons. 


BITUMINOUS  COAL  AND  COKE  FURNACES. 

The  total  production  of  the  raw  bituminous  coal  and  coke  furnaces  for  1864  was 
210,108  tons,  of  which  Pennsylvania  produced  121,860  tons ;  Maryland,  1,717  tons ; 
Western  "Virginia,  3,800  tons;  Ohio,  82,731  tons. 


ci  by  Google 


CHAECOAL  FURNACES. 

Our  data  in  regard  to  ctarcoal  furnaces  is  limited.  The  total  prodactions  of 
charcoal  pig  during  1864  in  the  Northern  States  amoaiita  to  255,486  tons.  The 
amount  produced  in  the  Sonthem  States  during  1864  can  only  be  conjectured. 
There  wero  ahout  twenty  furnaces  in  hlast  in  Virginia  during  1863-64 ;  ten  in  North 
and  South  Carolina ;  five  in  Georgia,  and  ten  in  Alabama.  These  produced  on  an 
average  about  1000  tons  of  pig-iron  per  annum,  or  five  tons  per  day,  for  ft  blast  of 
two  hundred  days,  making  the  total  amount  of  cast,  or  charcoal  pig  produced,  about 
55,000  tons.  In  addition  to  the  iron  thus  ptodnced,  a  considerable  quantity  of 
wrought  iron  was  produced  in  the  numerous  Catalan  forges  and  bloomeries  erected 
in  Virginia,  North  Carolina,  Georgia  and  Alabama. 


CHARCOAL  PRODUCTION  OF  PENNSYLVANIA. 

In  1849  tJiere  were  seventy-niae  charcoal  furnaces  in  Pennsylvania  east  of  the 
mountains,  which  produced  in  that  year  55,617  tons.  By  the  year  1860  thirty-two 
of  these  had  finally  ceased  operations.  To  the  remaining  forty-seven  at  least  seven 
new  furnaces  had  been  added;  the  production  in  that  year  was  36,516  tons.  In 
1864,  42,953  tons  were  made.  West  of  the  Allegheny  Mountains,  in  Pennsylvania, 
there  has  been  smce  1849  a  very  marked  and  rapid  decrease  in  the  production  of 
charcoal  iron.  This  region  in  1849  produced  55,494  tons  of  charcoal  iron,  eighty- 
flve  furnaces  being  in  operation.  In  1864,  nine  furnaces  only  were  in  blast,  pro- 
ducing 8,701  tons.  This  remarkable  decrease  in  the  quantity  of  charcoal  iron  made 
in  Pennsylvania  can  be  ascribed  to  the  operations  of  several  agencies : 

1.  The  absorption  of  wood  for  agricultural  and  other  purposes, 

2.  The  great  demand  and  consequent  high  price  of  labor. 

3.  The  extensive  introduction  of  the  manufacture  of  Iron  from  coke  and  raw  coal. 
These  causes,  operating  with  more  or  less  intensity  throughout  the  Eastern  States 
will,  probably,  gradually  drive  the  charcoal  iron  manufacture  into  the  Western  and 
Northwestern  States,  where  wood  is  cheap,  and  where  the  ores  are  of  nnesampled 
purity  and  richness.  The  total  production  of  charcoal  pig-iron  iu  tlic  country,  in 
1864,  amounts  to  255,486  tons. 
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Pruduted.  Capajiity. 

Michigan 1  Eolling  Mill  „     5,tJ00 20,000 

MisBouri 1  "  10,000 

Tennesaee 1  "  9,000 

Georgia I  "  9,000 

335,369!!!!!!!,' !!732,000 

In  1850  the  prodnctiou  of  the  roll-mills  in  the  country  was  29,083  tons— six  mills 
oniy  having  been  built  and  in  operation.  These  milla  have  936  furnaces,  classified 
as  follows ; 

Double-puddling  furnaces 250 

Single-puddling  furnaces 352 

IlBating  furnaces 333 

These  have  131  trains  of  rolls,  37  of  which  are  "  three  high."  The  increase  dnring 
the  last  year  has  been  as  follows :  la  1857  re-rolled  56,450  tons ;  in  1864  it  amounted 
to  177,203  tons,  the  increase  being  gradual  yearly. 

STEEL  "WOEKS. 

There  are  thirty-seven  steel  manufacturers  in  the  United  States,  and  the  total 
production  of  all  kinds  of  steel  amounted  to  18,000  tons,  as  follows  : 

Massachusetts,  450  tons;  Connecticut,  100  tons;  New  York,  2,500  tons;  New 
Jersey,  3,700  tons ;  Pennsylvania,  ll,.5O0  tons. 

The  works  in  the  city  of  Pittsburg  produced  about  one-half  of  the  steel  manu- 
factured in  the  country.  The  capacity  of  our  steel  woi-ks  is  not  less  than  48,000 
tons  per  annum. 

RESTJMfi. 

The  product  of  thff  blast  furnaces  in  1864  was  1,149,913  net  tons  *  Of  this, 
684,319  tons  were  anthracite  pigs,  210,108  of  raw  coal  make,  and  the  balance  of 
charcoal  make.    The  product  of  Pennsylvania  and  Ohio  exceeded  one  million  tons. 

In  1856  the  whole  number  of  charcoal  fnrnaces  in  the  United  States  was  156. 

The  amount  of  pig-iron,  scrap-iron,  &c.,  worked  up  in  1864  was  about  1,400,000 
tons.  It  is  evident  that  this  important  interest  is  to  be  largely  developed  here  in 
the  next  few  years,  amd  it  is  the  duty  of  the  Government  to  extend  to  it  every 
encouragement. 

STATISTICAL  TABLES. 

The  following  Statistical  Tables  of  the  Anthracite  Furnaces  of  the  TTuitod  States 
are  compiled  from  the  publications  of  the  American  Iron  and  Steel  Association ; 
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No.  2. 
THE  LEHIGH  GROUP  OF  ANTHRACITE  FURNACES. 
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THE  SCHUYLKILL  GROUP  OP  ANrHEAClTR  FURNACES. 
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No.  6. 
THE  LOWER  SUSQUEHANNA  GEOUP  OF  ANTHRACITE  FUENACE8. 
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THE  UPPER  BUSQUEIIANiS'A  QEOUr  OP  ANTIIKACITE  FUfiN-AOES. 
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No,  9. 
THE  EASTEKN  OEOUP  OF  AN'I'IIRAOITE  FURNACES. 
(Icdndiag  Furnaces  East  and  North   of  Penosylvania,  excepting  the  Oooper  Fur- 
naces at  Phillipsbarg,  N.  J.,  which  belong  to  the  Lehigh  U-roup. 
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No.  10. 
THE  EASTERN  GROUP  OP  ANTHRACITE  FURNACES. 
(Inclndino-  Furnaces  East  and  North  of  Pennsylvania,  esceptin^  the  Cooper  Fur- 
naces at  Phillipsburg,  N.  J.,  which  belong  to  the  Lehigh  Group.) 
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MANUFACTURERS  OP  STEEL. 

Thefollmoing  is,  as  nearly  as  can  be  ascertained,  a  List  of  all  the  Parties  engaged 

in  the  Manufactwe  of  Steel  in  the  United  States.  It  has  been  revised  by  some  of 
the  Principal  Steel  Makers  in  the  Country. 

Nayior  &  Co., Boston,  Masa., Blister  and  Spring  SteBl. 

Plimpton  Iron  &8teel  M.  Co.,  Walpole,  Mass 

Boston  Steele  &  Iron  Co.,. ..  Boston,  Mass., Tool,  file,  railroad  Cast  Steel. 

Whipple  File  Co., Ballard  Vale,  Mass.. 

Old  Colony  Iron  Co., Taunton,  Mass 

Collins  &  Oo CoIltnsTille,  Conn.,. .  Cast  Steel. 

Joel  Fairest  &  Co., Windsor  Locks,  Ct. 

Sweet,  Baraea  &  Co Syracuse,  N.  Y., Refined  Cemented  Stoel. 

B.  W.  Madden  &  Co., Middletown,  N.  Y., ,  Oast  Steel  for  Saws. 

Keliey,  Demilt  &  Co New  York,  N.  Y., . .  Cast  Steel. 

Mulliken  &  Co., New  York,  N.  Y., . .  Cast  Steel. 

Montauk  Iron  &  Steel  Co., . .  Mott  Haven,  N.  Y., .  Cast  Steel  direct  from  ores. 

Weed,  Eeckner  &  Co., Cohoes,  N.  Y 

New  York  Steel  Co., New  York,  N.  Y., . .  Cast  Steel. 

Winslow,  Griswold  &  Holley,  Troy,  N.  Y„ Bessemer  Stoel. 

8.  A.  Millard Clay ville,  N.  Y., . . . .  Cast  Steel. 

Walter  Gregory  &  Co., Jersey  City,  N.J.,.,  Cast  Steel. 

J.  K.  Thompson  &  Co., Jersey  City,  N.  J., . .  Oast  Steel. 

Prentice,  Atba  &  Co., Newark,  N.  J Cast  Steel. 

Trenton  Iron  Co Trenton,  N.  J Puddled  and  Cast  Steel. 

Horner  &  Ludlam Pompton,  N.  J., Oast  Steel. 

Hnssey,  Wells  &  Co Pittsburg,  Pa., Oast  and  Shear  Steel. 

Jones,  Boyd  &  Co Pitlabnrg,  Pa., Cast  and  Blister  Steel. 

Park,  Bro.  &  Co., Pittsbnrg,  Pa., Cast  Spring,  Plow,  &o. 

Singer,  Nimick  &  Co., Pittsbnrg,  Pa., Oast,  Spring,  Plow  and  Plate 

Steel. 

Hailman,  Eahm  &  Co., Pittsburg,  Pa Plow  and  Spring  Steel. 

Brown  &  Co., Pittsburg,  Pa., Cast  and  Common  Plow  Steel. 

Reiter  &  Co., Alleghany  City,  Fa.,  Oast,  Blister,  and  Spring  Steel. 

William  Bancroft, Philadelphia,  Pa., . .  Hammered  Oast  Steel. 

Henry  Disston, , Philadelphia,  Pa.,. . .  Cast,  Saw,  Steel,  &o. 

William  Rowland  &Oo Philadelphia,  Pa.,. . .  Cast,  Saw,  Spring,  &c. 

Brioghurst  &  Co Philadelphia,  Pa.,, . .  Cast,  Saw,  Spring,  &e. 

James  Rowland  &  Co, Philadelphia,  Pa.,. , .  Cast,  Spring,  Plow,  &c. 

Verree  &  Mitchell, Philadelphia,  Pa.,. . .  Cast,  Spring,  Plow,  &a. 

W.  Baldwin  &  Co., Philadelphia,  Pa.,. . .  Cast  Steel,  Hammered,  &a. 

Pneumatic  Steel  Co Wyandotte,  Mich., . .  Pnenmatic  Steel. 

Chicago  Steel  Works, Chicago,  111., Cast  Steel. 
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STATISTICS  OP  IRON  AND  STEEL. 


IRON  AND  STEEL  MA>fUFACTUBEBS   OP  THE  UNITED  STATES  IN 
18G4. 


If  WlIlH 


of  3) 


Tons  of  new  Ettibotia  Iron  rolled, 111,225  .. 

Tons  of  re-rolled  Railroad  IroQ, 158,967  ,, 

Hoop  and  Sheet-Iron  above  18  wire  gange, . . .  77,670  . . 

Band,  Hoop  and  Sheet-iron  bel.  18  wire  gauge,  19,136  . . 

Iron  Plate  not  less  than  ^  in.  thickness, 52,991  . . 

Iron  Plate  less  than  ^  in.  thickness '  . .  3,5'24  . . 

Iron  advanced  beyond  blooms  and  not  beyond 

bars, I97,29T  .. 

Cast-iron  for  bridge  building,  Sec, 33,483  . . 

Other  Castinga  exceeding  10  lbs.  in  weight, . .  139,502  . . 

CuUNails  and  Spikc;s 92,250  .. 

Rivets,  R,B.  Chairs,  Nuta,  Bolts,  Horae^ghoes, 

&c., 17,389  . . 

do.  from  Iron  on  which  a  duty  has  been  paid,  17,902  . . 
Other  articles  made  from  Iron  on  which  a  duty 

of  $1.50  has  been  paid, 21,973  . . 

Castlron  Hollow-ware, 15,544  . . 

Manufactures  not  otherwise  provided  for,  value 

$63,035,390 

Marine  Engines,  value  $2,181,140, 

Wood  ScreTfs, 2,093  . . 

Stoves 66.781  . . 

Steel,  Ingots,  Bars,  Sheets  and  Wire,  valued  at 

7  cts.  per  lb.,  above  i  inch  in  thickness,.  1,345  . . 
do.  valued  above  7  c(s.  and  not  above  11  cts, 

per  lb., 4,395  . . 

do.  valued  above  11  cts.  per  lb.,  value  $9,979,  5,122  . . 
Manufactures  of  Steel  not  otherwise  prorided 


ll{>,.i96  . 
39,472  . 


268,945  . 

1  50      " 

33,483  . 

100      " 

209,253  . 

1  50      " 

184,500  . 

2  00      " 

34,778  . 

2  00      " 

8,951  . 

50      " 

10,986  . 

50      " 

23,31G  . 

150      " 

,891,016 

.  3  per  cent  on 

assess'd  Talue 

65,434  . 

" 

62,943  . 

1^  cts,  per  lb. 

100,171  . 

$1  50  per  ton 

4  00       " 

STATISTICS  OF  laON. 
PEODUOTION  OF  PIG-IBON  IN  THE  UXITEU  STATES. 


1810 54,000 

1828 130.000 

1829 142,000 

1830 165,000 

1831 191,000 

1832 200,000 

1840 347,000 

1842 215,000; 


1845 486,000 

1846 765,000 

1847 800,000 

1849 800,000 

1850 600,000 

1855 500,000 

1860 884,474 

1864 *1,200,000 
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PIIODUCTION  OF  ANTHKACITE  riG-IEON  IN"  THE  UNITED  STATES. 


Farnacs., 

1 

s 

!l 

CapiLdly 

^F 

s.r=' 

>.•„'=' 

Ors. 

Coal. 

30 
24 
32 
29 
31 

22 
20 
22 
16 
10 

267,116 

214,093 

459,051 
227,000 
228,886 
213,477 
256,147 

486,105 
259,000 
271,762 
261,015 
242,485 

1 
I.-. 

5* 

110,861118,615 
167,500  10S,6fi4 
201,841130,140 

2 
2 

146 

90 

937,318  684,519 

1,384,561 

1,520,367 

EAILEOADS  IN  THE  UNITED  STATES.— YEARLY  INCREASE 
IN  MILES. 


1838  .. 

...  1,843  .. 

1839  .. 

...  1,920  .. 

77 

1840  .. 

...  2,167  .. 

...   247  .. 

...  29,002  ... 

1841  .. 

...  3,319  .. 

...  1,152  .. 

...  23,2.i3  ... 

1842  .. 

...  3,877  .. 

...  558  .. 

...  24.970  ... 

1843  .. 

...  4,174  .. 

...  297  .. 

...   9,655  ... 

1644  .. 

...  4,311  .. 

...  137  .. 

...  15,577  ... 

1845  .. 

...  4,511  ... 

...  200  ... 

...  21,812  ... 

1846  .. 

...  4,870  .. 

...  359  .. 

...   6,897  ... 

1847  .. 

...  5,336  ... 

...  466  ... 

...  13,537  ... 

..  40,966  

1848  .. 

...  5,682  .. 

...   346  ... 

...  29,489  ... 

1849  ... 

...  6,350  ... 

...   668  .. 

...  69,163  ... 

..  18,973  

1850  .. 

...  7,355  ... 

...  1,005  .. 

...  142,037  ... 

-.  15,000  

1851  .. 

...  9,090  .. 

...  1,735  .. 

...  188,626  ... 

1852  .. 

...  11,631  .. 

. . .  2,541  . . . 

. . .  245,626  . . . 

1853  ... 

...  13,213  .. 

...  1,582  ... 

...  298,995  ... 

..  105,000 

1854  ... 

...  18,265  .. 

...  5,052  .. 

...  282,867  ... 

...  121,000  

1855  ... 

...  21,128  ... 

...  2,862  ... 

.  127,516  ... 

..  134,000  

1856  .. 

...  24,476  .. 

...  3,348  .. 

...  155,496  ... 

..  142,555  

1857  .. 

...  26,210  .. 

...  1,734  .. 

...  179,305  ... 

1858  .. 

...  27,158  .. 

...   948  .. 

...  75,745  ... 

1859  .. 

...  29,213  ,. 

...  2,055  .. 

...  69,965  ... 

1860  ... 

...  31,185  .. 

...  1,972  .. 

...  122,174  ... 

1861  .. 

...  31,800  ... 

...   615  ... 

...  74,496  ... 

1862  .. 

...  82,471  .. 

...   671  .. 

...   8,611  ... 

1S63  .. 

...  33,860  ... 

...  1,389  .. 

...  17,088  ... 

1864  .. 

...  35,000  ... 

...  1,140  .. 

...  105,854  ... 

..  283,560  
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STATISTICS  OF  iRois".  byy 

AMERICAN  EAILEOADS. 

1828  3 3  ....  

1840  2,167  2,1G4 108,350 108,350 

1845  4,511   2,344  ....       124,3G0 124,360 

18S0  7,355  2,844 260,123 150,000 410,123 

1855  21,128  13,773  ....    1,143,630 550,000 1,693,630 

1860 31,185  10,05i  ....      602,686  750,000 1,352,686 

Total,  31,185  2,239,149  1,450,000  3,680,149 

Average  time  down  for  the  whole  number  of  miles 8^  yea,r3 

Averag'e  quantities  of  Foreign  and  American  Bails   la.id  per 

mile  of  Track — Foreign 11-,%  'o"s  per  mile. 

American 41A      "         ' 

Together 118/^    ■' 

AFFEOrPJATION'  OF  BAILS  L'SED. 
Inlajing  traolc  from 

1828  to  1845....  4,511milesat    51,^^  tonspcrmUe,   232,710  tons. 
In  laying  traclt  from 

1845  tol860... .26,674    "      "     86      "         "        2,203,964    " 

31,185  Average,  8L      ■■         "        2,526,674    "     68.49  per  cent. 
For  renewmg  track, 
bsing  the  balance 
not  nsed  in  laying 
tracli "        37,",-"         "        1.162,475    "     31.51    "      " 

Total  quantity  for  laying  and  re- 
newing track list's  "        3,689,149    "    100.00 

The  renewal  of  track  is  equal  to  46  per  cent,  of  the  quantity  used  ia  laying  track. 
Dividing  46  per  cent  by  eight  and  one-eighth  years,  the  average  time  down  of  31,185 
miles,  we  have  5  2-3  per  cent,  as  the  average  annual  wear.  Again  dividing  100  per 
cenl..  by  five  and  two-thirds  per  cent.,  gives  seventeen  and  two-thirds  years  as  the 
average  wear  of  the  rails. 

TOTAL  PEODUOTION  OP  PIG-IEON  IN  THIi;  UNITED  STATES,  1864. 

Massachusetts, 2,509 

New  York 120,463 

New  Jersey, 2!),5T8 

Pennsylvania 521,391 

Maryland 10,037 

Anthracite  Iron 684,319 

Eitniainons  and  Coke  Iron, 210,103 

Charcoal  Iron, 255,486 

Charcoal  Iron,  Southern  States,  (estimated) 50,000 

1,199,913 
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IW  APPENDIX. 

The  following  tables  are  from  Fairbatrn's  Iron  Manufacture  : 

Gomparalive  (able  of  the  iron  production  of  1820  and  1827. 

Touh.                                      Futnam.  Thus! 

North  Wales    1                                    ,rn«/,n                                  (1^    24,000 

South  Walea     J 1jO,000  |  3Q  272,000 

Shropshire        )                               ^annm                            i^^   ''^■'''"" 

Staffordshire     f 180,000  | ;,-   21fi,000 

Yorkehire          1                                     GO  000                                1  ^^   "43,000 

Derbyshire        J  '         [U  20,o00 

Scotland              20.000  18  36,000 

400,000                                 284  690,500 
Total  product  of  pig-iron  during  1857. 

England,   Northumberland 63,250 

"        Durham 284,500 

"        Yorkshire  296,838 

"        Lancashire 1,233 

"         Oamberland 30,515 

"       Derbyshire 112,160 

"       Sharpahire 117.141 

"        North  Staffordshire 134,057 

South  Staffordshire  and  Worcestershire 657,295 

"        Northamptooahire 11,500 

"        Oloucestershire 23,882 

"        Somersetshire 300 

Wales,   North 37,049 

"       South.    Anthracite  districts 63,440 

South.    Bituminous  districts S07,287 

Scotland,  918,000 

Ireland,     , 1,000 

3,659,447 


[t  Estimated  value  at  the  place  of  production.] 
Blastfurnaces  in  operation  in  1857. 

England 333  blast-furnaces. 

Wales 170    ■' 

Scotland : 124    "  " 

Ireland 1    "  " 

62S 

8.^4    64,661,401    16^65,30(1   '°3ioG9,838  '. 7,674,595 

'"    61,453,079    16,113,267  3,218,154 8,045,38.5 

66,645,450    16,663,862  3,586,377  8,963,942 

65,394,707    16,348,676  3,659,447  9,148,617 

65,008,649    16,252,162   3,456,064  8,640,160 

71,979,765    17,994,941  3,712,904  9,282,260 

80,042,698    20,010,674 3,826,752  9,566,880 

1861    83,635,214    20,908,803 3,712,390  9,280,97fi 

"362    81,638,338    20,409,584 3,943,469  9,858,672 

863    86,292,215    21,573,053 4,510,040 11,275,100 

*  The  yalnes  seem  to  Se  arbitrarr— Ihoy  nro  iuFarinbiy  foe  every  year  Ove  fihllLlngs  per  Ion  for  coal,  aod 
f  0  poaniia  ten  Bhillliiga  per  ton  for  pi(t-lron,  I  take  these  ilema  from  the  "  Ststiatiesl  Abstract  tor  the 
oited  Kingdom,"  published  by  Parlia-oiont. 
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STATISTICS  OF  IKON. 


PRODUCTIONS  OP  PIG-IEON   IN"  FR/VNCE. 


1855  850,000 

3856  920,000 

1857  1,000,000 

1858  875,000 

1859  ." 858,000 


1860  800,500 

1861  ■ 1,040,000 

1862  1,052,000 

1863  1,137,000 

1804  1,217,000 


WROUGHT-IEO^f  PEODUCTIONS  OP  FBANOE.* 


1855  557,000 

1656  569,000 

1857  557,000 

1858  530,000 

1859 522,000 


1860  580.000 

1861  570,000 

1862  670,000 

1863  791,000 

1864  821,000 


TOTAL  PRODUCTION  OF  PIG-IEON. 


Great  BritwD, 1863    . 

Uaited  States 1864   , 

France 1864   . 

Prussia 1854   , 

Austria " 

Belgiam "       . 

Russia   " 

Sweden  " 

Gerraan  States " 

Other  Countries " 


4,510.040 
1,200,000 
1,217,000 
300,000 
250,000 
200,000 
200,000 
150,000 
100,000 
300,000 


FBODUCTIOX   OF   STEEL.t 

Great  Britain 1865  200,000 

United  States   1864  18,000 

Fraiiee 1864  30,000 

Prussia 1864  50,000 

Austria    1860  15,000 

Note. — There  were  erected,  and  in  course  of  erection,  sixty  converting  vessels  in 
England  during  1865,  each  capable  of  producing  from  three  to  t«n  tons  of  steel  at  a 
charge,  or  6,000  tons  per  week,  when  in  full  operation,  by  the  Bessemer  process. 
One  manufacturer,  P.  Krupp,  in  Essen,  Prussia,  turns  out  50,000  of  steel  annually, 
by  the  Pneumatic  mode. 


omRylBiiil'sIronTi-ideC 
n,  ia  all  Hloel-prododns  co 
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SECTION  II. 
STATISTICS  OF  COAL. 

ANTHEACITE  OOAL  TRADE  OF  THE  UNITED  STATES. 

The  supply  sent  to  market  in  1865  was  9,488,396  tons,  agaicst  9,998,046  tons  ia 
1864,  showing  a  loss  of  509,650  tons  in  1865.  The  stoppngo  of  iron  works,  manu- 
faetoriea,  and  the  general  stagnation  of  business  that  took  place  iifter  the  collapse 
of  the  great  rebellion,  caused  a  falling  off  in  the  snpply  of  coal  in  a  period  bf  fonr 
montlis,  of  aboat  1,200,000  tons.  Tlie  resnmption  of  business,  which  commenced 
the  latter  part  of  September,  and  which  still  continnes,  soon  demanded  an  increase 
over  the  supply  of  1864,  so  that  the  loss  of  1,200,000  tons  was  reduced  by  the  close 
of  the  shipping  season  to  509,650  tons. 

The  importation  of  Foreign  Bitnminons  Coal  shows  an  mcrease  of  174,416  tons 
over  1864,  and  the  Cumberland  trade  has  also  increased  largely  over  last  year. 

The  whole  quantity  from  the  Serai-Aothracite  and  Bituminous  Eegions  embraced 
in  our  table,  sent  to  market  in  1865,  including  the  Imported  Coal,  sums  up  as 
follows : 


Increase  in  1865 319,106 

Less  loss  in  Anthracite 509,650 

Total  decrease  in  1865 190,544 


Tons.  Tona. 

j  Beoiok. 

g  Eailroad 2,763,374 2,813,176  . 

By  Schuylkill  Canal 1,000,500 1,022,740  . 

From  PinegroTO 24,534 18,485  . 

By  Mahauoy  and  Lehigh . . .       1^2,808 218,378  . 


3,931,216 4,072,779  . 


Increase  in  1865 

Lbhioh  kboion. 
By  I^high  Valley  Eailroad    1,295,419. 


758,087  . . . 
1,787  . . . 

McCalley's  Mount 

546 

By  Little  Schuylkill  E.E. 

8,690  ... 

2,063,983  ... 

.     2,291,607 

Less  Wyomiug  Coal 

9,314  . . . 

250,694 

2,054,669  ... 

..    2,040,!)13 

2,040,913  ... 

Decrease  in  1865 

13,756  ... 

22,240  . 

85,570  . 

.  157,612  . 

64,824  . 

92,788  . 
6,049  . 
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STATISTICS  OF  CoAL. 


Wyomsg  beg  ion. 

Wyoming  Canal,  South 

North  Branch  Canal,  North 

PennaylTania  Goal  Co 

BcrantoQ,  North 

"         South 

Dslaware  and  Hudson  Go. . 
Lackawanna  and  Bloom,  S. 
Bj  Lobigh 


536,088  . . . 

. .       329,500  . . 

. . .  206.582 

94,054  . . . . 

28,957  . . 

...    C6.097 

159,544  . . . 

. .       577,482  . . 

, . .  182,062 

338,729  . . . . 

264,293.. 

...    74.436 

963,728  .... 

. .       742.781.. 

...  220,947 

852,136  ... 

. .       759,570  . . 

...    9i,566 

407,243  . . . 

..       301,236.. 

. . .  105,007 

9,314  . . . 

..       250,694.. 

. .  241; 

,380  . . , 

3,960,836  ... 

..    3,254,519  .. 

. .  241,380  . . 

...  947,697 

3,254,519  ... 

. ..  241,380 

9,998,046 9,488,396  . 

9,488,396 


Increase 

Total  Aulhracito 

Total  decrease  in  1865 509,650  . . 

Se  mi-Anthracite. 

Franklin  Coal  Co.,  S.  M  . . .  61,952  . , 

"       "    L.  T....  68,021., 

Treyorton 56, DDL  . 

BroadTop 3BS,fi45  . 

573.119  . 
Bituminovs. 

Cumherland  Coal 665,605  , 

Imported— foreiga 510,708  . 

1,749,432 2,0i 

Add  Anthracite 9,998,046 9,41 


75,495  ....     13,543 

61,405  ....                  6,016 

27,09f>  ....                  20,406 

315,996  ....                  70,649 

479,991 13,543 106,671 

903,495  ....  237,890 

685,052  ....  174,344 

,.  725,777 106,671 


The  above  amount  of  Antliraoita  Coal  wa: 
stated  below  in  1865  ; 

("Sehaylkill  Hegioii 

i^Mahanoy       "       

Lehigh  "       

Wj-omtag      «       

Bliamokin       "        


.  1,912,147 
.  1,82.^,655 
.  2,0'10,913 
.  3,254,519 
.     457,162 

9,488,396 
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704  APPENDIX. 

The  following  is  tlie  loss  and  gaiu  in  18S5  from  eacli  Ecgi 


Sclmylltill 

Lehigh 13,75S   . 

Wyoming 7013,317   , 

Shaniokin 


720,0:3  210,423 

210,';23 


Total  loss 509,050 


KBSTJME. 
Since  the  commencement  of  the  trade  in  1830,  the  dilTorent  Eegions  have  fur- 
nished the  following  quantities : 

Schuylkill  Region 60,422,057 

Lehigh  "        28,656,599 

Wyoming  and  Lackawanna  Eegiou 42,050,008 

Shamokiu  Eegion 2,992,885 

Total  Anthracite 134,121,549 

From  1820,  the  commencement  of  the  trade,  up  to  ISBS,  the  supply  sent  to 
market  for  forty-six  years  was  as  follows : 

T01.S. 

1820  to  1830 359,190 

1830  to  1840 6,261,197 

1840  to  1850 19,373,429 

1850  to  1860 66,954,864 

1860  to  1866  (six  years) 52,172.869 

Total  Anthracite 134,121,549 

According  to  the  above  statement,  the  annual  increase  was  as  follows : 

From  1830  to  1840  was  ahout 164  per  cent. 

From  1840  to  1850         "         21 

From  1850  to  1860         "  19^       ■' 

From  1S60  to  1866         "  8^       " 

The  supply  of  Schuylkill  Coal,  amouating  to  79,973  tons  sent  to  market  in  1829, 
which  was  an  increase  of  32,689  tons  over  the  supply  of  1828,  broke  up  every  Coal 
operator  engaged  in  the  business. 
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STATISTICS   OF   COAL. 


The  following  is  the  quantity  of  Coal  sent  to  market  by  each  compati 
in  1865,  from  the  Schuylkill  and  Mahanoy  Eegioiis ; 


Mammoth  Vein  Con. Coal  Co...  7  177,486 

New  York  &8ehiiylkill  Coal  Co.  6  173,558 

Wolf  Creek  Diamond  Coal  Co..  2  (98,344 

Locust  Dale  Coal  Co 1  >  74,337 

George  S.  Kepplier  &  Brother. .  1  ( 38,762 

Seppiler  &  Mooflie 1  180,508 

Bast  &  Pearson 1  (89,087 

Do.     Shamokin  Coal  Co 1  i  31,715 

Miller,  Graeff  &  Co 3  108,961 

St.  Nicholas  Coal  Co 1  90,818 

Union  Coal  Co 3  87,337 

A.  C.  Miller  *  Co 9  96,818 

Preston  Coal  &  Imp.  Co 3  80,577 

Robert  Gorrell  &  Co 1  86,311 

II  Firms 33  1,303,508 

EenryHeil 1  76,900 

Wm.  KearA  Co 3  76,ft7l 

G.  W.  Johns  &  Brother 1  74,745 

GreenwoofI  Coal  Co 1  71,369 

J.M.Freck&Co 1  69,438 

Conner  &  Patterson 1  4  47,156 

CODner&Co 1  (18,376 

Bwatora  FaUs  Co 3  63,630 

Bancroft,  LeiriB  &  Co 1  63,087 

C.  Garretson 3  61,149 

Star  Coal  Co  8  60,310 

Glenville  Coal  Co 1  68,945 

McNeal  Coal  &  Iron  Co 1  58,llt 

Black  Diamond  Coal  &  Iron  Co.  3  55,40! 

Geoi^e  W.Cole 3  53,894 

35  Firms 55  3,308,591 

Little  Bchnylkili  Co 5  48,881 

Wiggan  &  Treibles 1  44,05i 

William  Hindson 1  44,19( 

Althonee  &  Focht 1        40,871 

Hill&~  " 


39,854 


George  W.  Sujder 1 

PlKenii  Park  Coal  Co S 

Suffolk  Coal  Co 3 

J.  iSE.  Silliman 1 

St,  Clalr  Coal  Co 1 

Glendon  Coal  Co 1 

Charter  Oak  Coal  Co 1 

Girard  Mutual  Coal  Co 1 

John  Anderson  &  Co 1 

Alter  &  Focht 1 

GUbertoD  Coai  Co 1 

J.  &0.  O.Bowman 1 

Pine  Knot  Coal  Co 1 

Manchester  Coat  Co 1 

PottsviUa  Mining  A  Mannf.  Co.  S 

Eagle  Hill  Shaft  Coal  Co 1 

Gross,  Clarke  &  Co 1 

Kathburn,  Stearns  &  Co 1 

Knickerbocker  Coal  Co 1 

Hartford  AESooiated  Coal  Co...  1 

Glen  Carbon  Coal  Co 1 

Eckert  &  Co 1 

New  Phila.  Mining  Co 3 

It  will  be  observed  that  25  firms,  with  55  colli 

thirds  of  the  coal  sent  to  market  in  1865. 
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Continental  Coal  Co  1 

Dnnoan  Coal  Co  1 

J.  Seitzinger  &  Co  1 

Moss,  Wood  &  Co  1 

B.  Hammett. , .  1 

Wm.  Wadleigh,  a-ent  I 

Schall  &  Donahoo  1 

Goodman  Dolben  1 

Spring  Hill  Coal  Co  1 

Mabanoy  Coal  Co  1 

H.  Gniterman  &Co  1 

Charles  Sailor,  ^gent  1 

George  Brown.  1 

East  Mabanoy  Coal  Co  1 

George  Ormrod  1 

Black  Heath  Coal  Co  1 

Gilfillan  &  Lyueh  1 

Coal  Sun  Coal  Co  I 
Broad  Mountain  Coal  Co  (new)    1 

Wlnlach  &  Co.  3 

Boston  1%  Mahanoy  Coal  Co  1 
J.Llppincott  &Co  now  R  C  Hill,  1 

S.  E.  Grlsoora  &  Co  (new)  1 

Belmont  Coal  ife  Mlnmg  Co  1 

J.  A.  Dutter  ifc  Co   (new)  1 

L.  L.  Ellsworth  1 

Norwegian  Coal  Co  1 

Mt.  Carbon  Coal  Co  1 

New  Haven  Coal  Co  1 

Bnck  &  ColIlnB  1 

Feeder  Dam  Coal  Co  1 

Wm.  H.  Sheaftr  1 

Wm.  N.  Tajlor  t  Co  1 

Saml.  Eatcliff  1 
Lucas,  Denning  &  Co  (new)       1 

William  Dovey  1 
Con  earners'    Mnttial   Coal    Co 
(failed).... 


Kaska  Wm.  Coal  Co 
Strohlmp.  Co  (new 
Lee,  Grant  &  Co  (ne 
Lore,  Hlne  &  Co  (ni 
Salem  Coal  Co  (new 


Lorbetry  Coal  Co  (new)  1  3,!M0 

Peoples'  Mutual  Coal  Co  (new)  1  3,388 

J.  B.  Reher  &  Co   (new)  1  3,185 

Red  Mountain  Coal  Co  1  1,710 

James  Coddlngton  1  1 661 

Wm.  Spencer,  agent  1  1  407 

Banman  &  Kurtz  1  1  3M0 

A.  Brlttain...  1  168 

Mt.  jEtna  Coal  Co  (new)  1  939 

John  Wright.  1  MO 

Silas  Bali 1  761 

East  Mount  Lafte  Coal  Co  1  678 

House  Keepers' Coat  Co  (new)  1  660 

T.  F.  Patterson  &  Co  (new;  1  583 

Sundry  Shippers,  Screenings  &c  14,644 

109  Shippers 146  3,735,80a 

i,  mined  and  shipped  nearly  two- 
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The  following  i 
dLffereiit  operators 

Mammoth  Vtin  Con  Coal  Co 

St.  NlcliolisCoal  Co 

Bast  &  Pearaon 

Union  Coal  r., 

Kcpplitr  &  Moo  die 

Prsatou  Coal  &  Imp  Co 

R.  Gorrell  d,  Co 

A.  C.  Miller  &  Co 

J.  M.  Frtck  &  Co 

CoDHer  &  Patterson 

Bancroft,  Lewis  &  Co 

Glenyllle  Coal  Co 

McNeal  Coal  &  lion  Co 

Black  Diamond  Coil  &  IiOQ  Co 

Wiggan  &  Trelbles 

Althonae  &  Focht 

Hili  &  Hams 

George  W   f  ole 

Suffolk  Coal  Co 

J.  &  E  Smiman 

Glendon  Coal  Co 

Girard  Mutual  Coal  Co 

John  Anderson  &  Co 

Alter  &  Focht 

Qilberton  Coal  Co 


MAI-IANOT  COAL  TRADE  FOE  1865. 
the  quanlity  of  coal  sent  from  the  Mahauoj  Region,  by  tlie 


J.  &0.  O.  Bowman 1  84,358 

C.  Gai-retBon ' 1  31,784 

Kathbun,  Caldwell  &  Co 1  38,437 

Knlckerboekor  Coal  Co 1  37,603 

Hartford  Associated  Coal  Co 1  36,018 

Continental  Coal  Co 1  28,878 

J.  Seitzinger  &  Co 1  32,4SL 

Wm.  Wadleigh,  Agt 1  30,700 

Schall  &  Donahue 1  17,957 

Mahanoj  Coal  Co 1  10,154 

East  Mahanoy  Coal  Co 1  13,683 

Bostonand  Mahanoy Coa! Co..  1  10,315 

Coal  Rnn  Coal  Co  1  13,386 

8.  E.  Griscom  &  Co 1  9,13! 

Buck&  CollinB 1  6,585 

Wm.  H.  Sheafer 1  5,978 

Loe,  Grant  &  Co 1  4,168 

J.B.Reber&Co 1  2,185 

Mt.  jEtna  Coal  Co 1  938 

Sundry 1  598 

45  Firms,                        55  1^833,656 
In  1864 1,501,518 

Increase  in  1865  333,137 

ime  from  the  ilahanoj'  and  S]ienan<loali 


SCHUYLKILL  AND  SUSQUEHANNA  EAILROAD  COAL  TEADB. 
The  following  is  the  quantity  of  Ooal   transported  over  tbe  Schnjlkill  and  Sus- 
quehanna Eailroad  in  1865  and  the  following  years  ; 


Nearly  half  the  Ooal  mined  in  1865,  ■ 


From  Pinegrove 
"     Dauphin,  West 
"      Aubnni,  West  . 


"  1857  

•'  1856 

This  road  ie 


146,095 53,842 199,9.11 

101,523  91,820 193,343 

94,975  14,718  109,693 

81,600 19,857  101,457 

60,435  43,493 103,928 

44,801  37,484 83,285 

42,393  34.914  77,307 

urked  by  the  Beading  Eailroad  Company. 
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SHAKOKIN"  COAL  TRADE. 

The  following  is  the  quantity  of  Coal  sent  from  the  Shamokin  Coal  Region  by 

the  different  operators  in  1865  : 

Oameron Colliery  John  Haas  £  Oo 66,114 

Bnniside "        S.  Bittenhender  &  Co 29,158 

Bear  Tallej "        Shamokia  and  Bear  Valley  Coal  Company 36,539 

Heary  Clay "        John  B.  Douty,  Agent 32,523 

Big  Mountain  .. ,      "        Bird  Coal  and  Iron  Company 40,294 

Buck  Rid^  ....       "        May,  Patterson  &  Brother 41,522 

Luke  Fiddler  ...       "        Bumslde  Coal  and  Iron  Company 12,394 

Lambert ■'        John  H.  Dewees  &  Brother 16,S28 

Lancaster "         Shamokia  Coal  Company 43,751 

Crittenden "        John  B.  Booty  &  Co 13,919 

Continental "        Ballard  &  Co 4,13fi 

Excelsior "        John  H.  Dewees 18,572 

Enterprise "        Baumgardner  &  Co 11,372 

(JreenMonntaiu.      "        8.  John  &  Sons 14,732 

Isaac  Taylor "         Hoover  &  Yarnall 4,59S 

Coal  Mountain  . .       "        Hough  &  Hersh 8,963 

Stuartville "        William  i[onteliu3 23,491 

Coal  Ridge  No.  1      "        Schall  &  Donahoe 20,158 

Coa!  Ridge  No.  2      "        J.  G.  &  G.  S.  Eopplicr 12,392 

Danie!  Webster.       "        Sntton  &  Henry 10 


Total  in  1864.. 


LATERAL  RAILKOAUS. 
The  following  is  the   tonnage   of  the  different  lateral  Eailroads  i 
County  in  the  years  1864  and  1865. 

1664.  18BS.  iDCrci* 

Mine  Hill  and  Schuylkill  Haven 1,517,357 . . .  .1,579.494. .  .  .62,13' 

Mill  Creek 436,163....  326,367 

Mahanoy  and  Broad  Mountain 776,670....  802.885.. .  .26,21! 

Sehnylliill  Valley 330,861....  222,629 

MoiintOarbon 115,637....  101,826 

Little  Schuylkill 537,396....  585,534.. 

Lorberry  Creek 164,381....  111,773.. 


46,835 46,067.... 


3,826,400 
n  Canal 212,216 


3,776,575 
157,840 


Tlie  Coal  that  passed  over  the  Union  Canal  Bailroad  is  received  from  the  Lor- 
berry Creek  and  Swatara  Roads.  The  MahanoyCoal  also  passed  on  the  Mill  Creek 
Railroad,  making  the  tonnage  of  that  road,  in  1864,  1,212,833  tons,  and,  in  1865, 
1,129,252  tons. 
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PHILADELPHIA  AND  READING  RATLEOAD. 
Points  of  supply  and  distribution  of  Anthracite  Coal  from  Schuylfeill  county,  and 
of  Bituminous  and  Anthracite  from  Harrlaburg,  on  the  Philadelphia  and  Kiiading 
Railroad,  for  the  year  ending  November  30th,  1865. 


Amount  of  Coal  received  from  the  vi 


s  Lateral  Railroads  in  Schuylkill  Coal 


Eegio 

Schuylkill  Valley  Railroad 95,294 

Mill  Creek  Kailroad 228,296 

Mahanoy  and  Broad  Mt  Railroad 702,926 

Ditto  from  Sharaokin  and  Pottsviile  Railroad 9,895 

Total  at  Port  Carbon 1,036,401 

Mt.  Oarboa  Railroad  at  Mt.  Carbon 38,911 

Mine  Hill  and  Schuylkill  Haven  Railroad  at  Schuylkill  Haven 1,072,836 

Schuylkill  and  Susquehanna  Railroad  at  Auburn 143,078 

Little  Schuylkill  Railroad  at  Port  Clinton 521,950 

2,813,176 
Bituminous  and  Anthracite  from  Harrisburg  and  Dauphin 277,638 

Total  of  all  kinds 3,090,813 


Where  delivered  on  line  of  Beading  Railroad : 


Tamaqua 

Pottsviile 

Sohnylklll  Haven  . . 

Orwigsburg  

Auburn ; . . . 

Port  Clinton 

Hamburg 

Shoemakerville 

MohrsyiHe 


Blrdeboro' 

Douglaasville 

PottBtowQ 

Limerick 

Boyer'E  Ford 

PhosnlivlUe 

Valley  Forgo 

Port  Kennedy 

Norristown 

Swede  Furnace 

Rambo'e  Lime  Kilns  . . 


Conshuliockcn 13,001 


Falls  a! 


Nicetown  &  German 

Belmont , 

PMlaaelpMa 

Port  Richmond 


Hlnkln^  Spring 

10,S5i 

89,6S0 

WerneravHle&Hbidelbg 

1,245 

Bobesonia 

15,2C9 

15,345 

WolemBdorf 

1,388 

1,534 

Meesemer  b 

470 

828 

Rl'- bland 

1,301 

l,fi20 

Myerstoiin 

S3S0 

5,703 

Lebanon 

60,531 

49,870 

innville 

1,139 

Palmjra 

1,107 

1,303 

I>errT 

76 

1808 

3,005 

Hnmmelstown 

3,133 

2,238 
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LEHIGH  COAL  TEADE  FOR  L°65, 

Thfi  following  is  the  quantity  of  Goal  sent  to  market  from  the  Lehigli  Region  by 
the  different  firma  and  companies  id  1865  : 

OjeritoiB.  Kailroad.               Ciins,!, 

Lehigh  Coal  and  Navigation  Gonipanj 164 483,713  . 

A  Pardee  &  Co 170,718 

Honeybrook  Coal  Company 108,264....    20,488. 

Packer&Co 323,615 

G.  B.  Markle  &  Co 103,137....    40,760. 

Sharpe,  Weisa  &  Co 83,243 22,163  . 

German  Pennsylvania  Coal  Company 45,048 22,400  . 

Bnck  Mountain  Coal  Company 50,360  ....    38,044  . 

Harleigk  Coal  Company 49,585 15,870  . 

Ebervale  Coal  Company 31,737  ....    23,048  . 

atontCoal  Company 37,835  ....    18,906  . 

Spring  Mountain  Coal  Company 96,646  ....       1,484  . 

Thomas  Hull  &  Co ■'54,269  ....    11,979  . 

W.  T.  Carter  &  Co.. 36,083  ....    18,6n2  . 

Taggart  &  Halsey 32,214  ....      6,212  . 

Lehigh  Zinc  Company 17,166 

Beaver  Meadow 3,022 

John  Connery 3,515 

1,046,626  ....  723,669  . 

From  Schuylkill,  Wilkesbarrc,  &c 355,651  ....  165,115  . 


483,877 
170,718 
128,752 
123,615 
143,897 
105,411 
67,448 
e8,404 


97,130 
66,248 
54.735 
28,426 
17,166 
3,022 
3,515 

1,770,295 
520,766 


Total 1,402,277  ....  888,78 

SCHUYLKILL  NAVIGATION  COMPANY. 
Thefollowingisthe  diatribntion  of  Coal  usa  the  Schuylkill  Canal  in  1864  andlSE 


Points  of  Ill-,t[lbutl  a 
Port  Carbon 
FottsviHe 
Schuylkill  Hiven 
Ormigsburg  Landing 

Hamburg 
Mohreville 
Alt  houses 
Fe!iK  Dam 
Reading 
Birdeboro' 
Mount  Air; 
Port  Union 
PottBtowu 
Springvllle 
Royer's  Ford 
Black  Bock  Dam 
Phieniivllls 
Pawlmg's  Dam 

The  supply  for  the  1 
46,893  tons. 


1,670  ^  Brower'a  Landing. 570  346 

349  i  Port  Kennedy 456  103 

1,149  1  Norrlalown 5,119  1,883 

340  I  Conehohocken 7,933  1,834 

S3  I  Spring  Mills 11,020  1B,H56 

3,078   Manayunk 7,B73  5,713 

5,340  !  Baltimore 1,935 

13,913   Salem B35  653 

3,246   NewCaBtle - 1,504  1,723 

23,869   Brandywlne 6,867  7,869 

3,036    Wilmington 19,600  30,371 

3,88B    CLestet 12,834  10,193 

668   Gloneaster 465  1,953 

919   Darby 1,935  1,697 

1,385   Philadelphia 363,640  296,935 

3,613    New  York 578,706  591,673 

353            Total 1,01X1,500  1,022,740 

138 

.5  was  87,250  tons,  and  sent  south  of  Philadelphia 
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CONSUMPTION"  OF  COAL  ON  THE  LINES. 

Wo  have  procured  pretty  full  tables  of  the  consumptioQ  of  Coal  on  Uie  lioes  of 
tbe  different  Railroads  and  Canals  in  1865,  which  show  that  a  very  large  quantity 
of  Anthracite  Coal  ia  consumed  before  it  reaches  tide-water. 


Philadelphia  and  Heading  Railroad 659,379 

Schuylkill  Canal 87  asQ 

Lehigh  Valley  Railroad  423,623 

Lehigh  Canal 82,235 

Delaware  Division 28,930 

New  Jersey  Central 98,111 

Belvidere  and  Delaware about 50,000 

Wyoming  Canal about 100,000 

North  Branch  Canal 28,957 

Lackawanna  and  Great  Western  Railroad  North 264,293 

South 123,891 

Bloomsbnrg  and  Lackawanna  South about 150,000 

Delaware  and  Hudson  Canal 10,825 

Pennsylvania  Coal  Company 17,615 

Morris  Canal about 40,000 

Shamokin about 40,000 

Totul  tons 2,205,109 

The  above  is  all  official,  except  from  five  points  Of  the  total  sapplj  of 
Anthracite  in  1865,  9,488,396  tuns,  about  2  20j  109  tons  were  consumed  on  the 
lines  of  the  different  avenues  to  tide-water  ind  the  interinr  There  were  consumed 
on  the  line  of  the  Schuylkill  746,629  tons,  and  on  tin  Lnhi^h  505,858  tons. 


COAL  TRADE  OF  THE  LINE. 

The  Trade  of  the  Line  between  Fottsville  nnd  Philadelphia  and  on  the  Lebanon 
Valley  Railroad,  was  as  follows  in  the  last  sixteen  years  : 


1850  ....166,992....   40,871 

1851  ....199,650.. ..112,697 

1852  ....189,661. ..,132,550 

1853 238,328....  155, 750 

1854....  283,212....  160,949 
1855  ....  294,385. . . .  187,476 
1856....  329,365....  191,139 
1857....  313,178....  198,799. 


.  .207,836 
. ,  312,836 
..322,211 
.  .394,078 
.  .441,160 
..481,861 
..520,499 
..511,977 


1858. 

..235,577. 

..205,589.. 

.441,166 

1859. 

..341,601. 

..213,173... 

.554,774 

1860. 

..385,860. 

..223,017... 

.608,887 

1861. 

-.278,647. 

..156,673... 

.435,320 

1862. 

..416,856.. 

..129,060... 

.54.5,916 

1863. 

..548,755.. 

..122,834... 

.671,589 

1864. 

..634,074.. 

..114,364... 

748.448 

1865. 

..659,379.. 

..  87,250... 

.746,629 

Of  the  tonnage  on  the  Philadelphia  and  Reading  Railroad  for  1865,  620,275  tons 
ivere  delivered  at  the  following  poiats  on  the  lino  where  there  are  Iron  Works : 
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Leesport 4,843  12,912    17,75 

Reading 147,697  28,869  176,5U 

Birdsboro 11,216    2,036    13.25 

Poltstowii 16,626       919    17,54 

Phoenixville 67,567       2S2    69,81 

Norristown 109,019     1,883  110,9« 

Conshohocken . . .     8,157    1,824    10,06 

Spring  Mills 15,256    15,2f 

Swede's  Furnace.     4,756      4,7£ 

Manayank    Falls, 
Nicetown     and 
Caused  bj  the  stoppage  of  the  Iron  Works  a  considerable  portion  of  the  ai 


Germantown  .,113,616    5,713 

Robes otiia  (Leba- 
non Vallej) . . .  15,345    .... 

Lebanon(Lebanon 
Valley) 49,670     .... 


Supply  in  1864 

Decrease  at  these  points  in.  1865 


119,329 

15,345 

49,670 

620,275 
655,798 


QUANTITY  SENT  TO  FITSLAnELPHIA. 


The  followiog  is  the  quantity  of  Coal  sent  to  Philadelphia 
by  Eailroad  and  Canal : 


1  the  following  years, 


T=«B. 

Eatlroad. 

Citml. 

Total. 

Years. 

S^lroad. 

Canal. 

Tolil. 

1855.. 

..342,311.. 

..286,087.. 

..628.398 

1861. 

..273,473. 

..473,965.. 

..747,438 

1856. 

. .  338.189. 

..322,533.. 

..660,722 

1862. 

..316,631. 

..290,683.. 

..607,214 

1857  . 

..320,327. 

.  .387,479. 

..707.806 

1863. 

..388,352. 

..237.563. 

..625,915 

1858. 

..278,088. 

..480,383. 

..758,471 

1864. 

..373,070, 

..307,430. 

..680,500 

1859. 

..286,791. 

.,512,670. 

..799,461 

1865. 

. .  380,233. 

..296,925. 

..677,158 

1860. 

..305,819. 

..495,084. 

.,800,903 

The  quantity  of  Schuylkill  Coal  consumed  on  the  line  of  the  Railroad  and  Canal 
Bseeeds  the  quantity  delivered  at  Philadelphia  for  consaniption. 
The  receipts  of  Coal  at  Port  Richmond  were  as  follows,  since  1854 : 


1861 909,112 

1862 1,325,400 

1863 2.128.154 

1^64 2,053,423 

1865 2,051,202 


1855 1,576,596 

1856 1,421,213 

1857 1,076.187 

1858 1,029,003 

1859 1,004,540 

1860 1,186,477 1 

The  loss   and   gain   for   1864  and   1863,  at  the   following  points,  we  i 
follows : 

Ontheline 76,859   ....   1.819   . 

At  Philadelphia 54,587   ....   3,342    . 

At  Eiehniond 69,731 4,221   . 

Eastern  trade  by  Canal 53,560 

69,731   . 


....   12,966 
....     9.382 


Gain  in  1864  and  1865.. 
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LEHIGH  VALLEY  EAILEOAD. 

The  foUoiving  is  the  distribution  of  Coal  on  the  Lehigh  Tallej  Railroad  in  1864 
and  1865  : 


To  Manch  Chunk 

LehightoD Tl 

Parryville 18,46 

Cflibon  Iron  Co 

Lehigh  Gap S9 

Sialington 78 

Rochdale 14 

Laucy's 3 

Whitehall 5S 

Coplay 2,91 

Lehigh  Tfll.  Iron  Works.     S6,7E 

Hokendauqua 103,30 

Thomas  Iron  Co 

Catasauqua 73,08 

Lehigh  Crane  Iron  Co . , . 

Catasauqua  Mannf.  Co 

Catasauqua  and  F.  R.  R.       3,20 

Bast  Penu  Iron  Co 

Alleufn  Furnace  Station. 
AUentown  Iron  Works. .      57,10 

Lehigh  Rollicg  Mill 

AUentown  Rolling  MiU. .      19,9E 


'    Roberts  Iron  Co 

Jordon  ManuCfriEg  Co. 

I    Aliectowa 

I    East  Venn  R.  R 

Bethlehem 

I    NorthPennR.R 

Lehigt  Zinc  Co 

i    Bethlehem  Roiling  Mill.. 

I    Lime  Ridge 

;    GlandoQ  Iron  Works 

!    £astoii 

I    Delaware  Canal 

Phillipsburg,   N.  Jersey. 
i    Morris  Canal,  " 

Cooper  Iron  Works,  " 
1  Warren  Foundry,  " 
;  Central  R.  R.  of  " 
I    BelT.Dti.R.R.N.  J..,. 

Morris  and  Esees  R.  R.. . 
I    Lehigh  Valley  K.  R.  Co- 
Total  


i3,475       139,eB5 


165,099        318,011 


LITTLE  SCHUYLKILL  EAILEOAD. 

the  Little  Seliuylkill  Eail- 


The  following  is  the  qnantity  of  Coal  transported 
road,  during  the  year  ending  November  30th,  1865. 


Little  Sehoylliill  Nav.  R.  R.  &  Coal 


17,877 
14,290 

St.  Nicholas  Co^l  Co 
Gienvillo  Coil  Co 

do.    Sli3ft,Nol 

5S,945 

do.    BuckTilio 

8,087 

Hlli  A  Hams 

40,144 

GaorgaW  Cole 
J.  &  E.  8.  Siiiiman 

1,337 

38,593 

Alter  &  FoLht 

35,345 

48,SS9 

Hartford  Associate  C 

alCo 

36,918 

George  W.  Cole,  Reeveedaie  Col 

13,370 

East  Mahanoy  Coal  (. 

13,083 

Samuel  Ratcliff,  New  Kirk  Col 

5,640 

T.  F.  Patterson  &,  Co 

583 

George  Ormrod,  D.  East  Col 

13,619 

Mahanoy  &  Broad  Mu 

untainRailioad 

85,047 

James  Codrlngton,  E.  East  Col 

1.681 

Lackawanna  Region 

17,317 

Greenwood  Coal  Co.,  Gre<iawood  Col 

71,S6S 

Mobs,  Wood  &  Co.,  Lehigh  Col 

»1,757 

Total 

585,534 

Baughman  &  Stapleton 

75 
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STATISTICS   OP   COAL. 


LEHIGH  NAVIGATION  COMPANY. 
The  following  is  the  distributior.  of  Coal  carried  by  tlie  I.eliigh  Nayigation  Com- 
pany iD  1865  :  ^  ^^ 

Consamed  on  line  of  LeWgli  Oatia) 82,235 

Eniered  Morris  Canal  at  Easton 217,813 

Entered  Delaware  and  Earitan  Canal 309,067 

Consumed  on  line  of  Delaware  Division 28,930 

Arrived  at  Bristol ]e0,739 

Total  aWpmenta  in  18G5 8P8,78.1 


MORRIS  CANAL  COAL  TKADE. 
The  following  ig  a  statement  of  the  amount  of  Coal  which   entered  the   Morris 
Canal  since  1845 : 

LETIIGH    COAL.  SCKAETOH  COAL. 

I  Caiml.  Hail  mad.  Tnlal.  ToW- 


1845  .. 

..   12,567  .. 

..   12,567  .. 

..   12, 

1846  .. 

..   41,142  .. 

..   41,142  ,. 

1847  .. 

..   61,951  ,. 

61,951  .. 

1848  .. 

..   82,159  .. 

82,159  .. 

1849  .. 

. .   103,482  . . 

. .   103,482  . . 

1850  .. 

. .   98,100  . . 

98,100  . . 

1851  .. 

. .  137,237  . . 

..  137,237.. 

1853  .. 

..  180,189.. 

..  180,189.. 

1853  .. 

..  222,582.. 

..  222,582.. 

1854  .. 

..  267,864.. 

..  267,864.. 

. .  290,730  . . 

. .  290,730  . . 

. .  290, 

1856  .. 

. .  284,828  . . 

808  . . 

..   285,636.. 

17,764  . . 

..  303, 

1857  .. 

..  227,652.. 

. .  13,047  . . 

. .  240.699  . . 

43,599.. 

. .  284, 

1858  .. 

..  281,949.. 

. .   5,350  . . 

..  287,299.. 

55,426  . . 

..  342 

1859  .. 

. .  255,405  . . 

. .   5,780  , . 

..  261,185.. 

. .   89,146  . . 

. .   350, 

1860  .. 

..  276,947.. 

. .  276,947  . . 

„  127,517.. 

..  414 

1861  .. 

. .  272,616  . . 

..   1,401.. 

. .  274,017  . . 

. .  140,922  . . 

..   414 

1862  .. 

. .  106,431  . . 

. .  45,738  . . 

..  152,169.. 

. .  172,128  . . 

,.   324 

1863  .. 

. .  208,397  . . 

. .  48,234  . . 

. .  256,631  . . 

..  145,815.. 

..  402 

1864  ,. 

. .  194,097  . . 

. .  37,644  . . 

. .  231.741  . . 

..  151,122.. 

1865  ,. 

..  217,814.. 

..  74,171  .. 

. .  291,985  . . 

. .  124,204  . . 

..  416 

3,823,496  . . 

..232,173  .. 

..  4,056,312  .. 

..  1,(167,643  .. 

EAST  PENNSYLVANIA  EAILEOAD  COAL  TRADE. 
The  Coal  Trade  of  the  East  Pennaylvania  Railroad  from  the  Lehigh  Region  was, 
Toms.  Tons. 

In  I860, 11,030  In  1863, 9,526 

"  1861, 10,622     "  1864 9,341 

"  1862, 6,667    "  1865, 8,845 
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NORTH  PBNNHYLTANIA  RAILROAD  OOAL  TRADE. 
Quantity  transported  over  this  Road  from  tlio  Lehigh  Rngion   in  the   following 


In  1858, 13,124 

"  18S9, 80,432 

"  I860, 91,327 

"  1861, 98.389 


III  ]  8G2 103,947 

■'  1863, 113,680 

"  1864, 123,475 

"  1865, 129,693 


NEW  JERSEY  CENTRAL  RAILROAD  OOAL  TRADE. 
The  following  ia  the  quantity  of  Uoal  transported  over  the  New  Jersey  Central 
Railroad  in  the  following  years : 


1861  . . .  2i>4,3e7  . . .  568,8ti9  . .  823,235 
1862...  311,296...  502,375  ..  816,571 
1863...  435,729...  613,954  ..  1,049,683 
1864...  474,221  ...  675,743  ..  1,149,964 
1865  ...  509,619  ...  494,687  . .  1,004,306 


1S56. 

.  33,325. 

.  98,670  . 

131,194 

1857. 

.  84,881. 

.  209,950  . 

294,791 

1858. 

.  122,923  . 

.  417,726  . 

540,549 

1859. 

.  180,054  . 

.  461,430  . 

641,487 

1860. 

,  263,885  . 

.  590,862  . 

854,647 

Of  tlie  above  quantity  87.217  tons  LeMgh  and  10,895  tons  Lackawanna— in  a 
98,111  tons — were  nsed  on  the  line ;  the  balance  reached  Elizabeth  port. 


BBLVIDEEB  AND  DELAWARE  RAILROAD  OOAL  TONNAGE. 

this  Road,  received  from 


The  following  is  the  qnantity  of  Coal  transported 
the  Lehigh  Region  in  the  following  years : 


Th  rough.  Ws,y.  Totil. 

1865  ....  202,781  .  11.583...  214,345 
1864  ....  161,278  .  13,095  ...  174,323 

1863 130,494 

1862 129,452 

1861 145,907 


In  1860 146,308 

"  1859 135,205 

■'  1858 99,090 

"  1857 123,248 


OATAWISSA  RAILROAD  COMPANY. 
The  following  is  the  Coal  tonnage  that  passed  over  this  Road  In  the  following  years ; 
Lack*.  Lehiqh.  McCaolt  Mt.  Bitit,  Totai^ 

1861 G,.'>53  6,220  1,997 1,029 15,799 

1862 46,689   85,539 3,282 1,536 137,046 

1863 101,934  43,887  7,477 308 153,606 

1864 No  Report. 

1865 22,286   3,367 546 6,004 32,203 


177,402 


139,013 


13,302 


8,877 


340,654 
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STATISTICS   OF    COAL.  7iO 

THE  DELAWARE,  LACKAWANNA  AND   WESTERN  RAILROAD 

COMPANY. 

Coal  Susmess  of  1865. 

Total  shipments  since  opaciDg  of  road 9,620,701 

Mined  and  delivered  in  1865  for  account  of  D.  &.  L.  E.  R.  Co 930,277 

Shipped  to  Oxford  Furnace,  do.  S.  T.  Scranton  &  Co 7,666 

Shipped  to  Elizabeth  port,  do.  Susquehanna  &  Wyoming  Talley  Eailroad 

and  Coal  Company 55,097 

Shipped  to  do.  do.  Eoarlog  Brook  Coal  Company 10,388 

Shipped  do.  do.  Lackawanna  &  Susquehanna  Coal  &  Iron  Co 3,459 

Total 1,006,887 

Of  amount  sent  away  in  18G.T  there  were  mined  by  D.  &  L.  E.  R.  Co 579,61,') 

Ditto,  other  parties 427,272 

Total 1,006,887 

1864.  1865. 

Amount  sold  at  mines 2,984  923 

shipped  north 342,382  271,,')19 

"  "         south 9o7,747  734,445 

1,.S03,117  1,006.887 

1,006,887 

Decrease  from  1664 296,226 

Distribution  of  the  Coii., 

Sold  at  mines 923 

Scranton  and  north  division 41,110 

Binghamton  &  Chenango  Coal 54,418 

Syracuse  and  for  shipment 125,878 

Ithaca  do , 41,736 

Line  of  Brie  Railway  and  connecting  roads 8,347 

Elizabethport 541,879 

Line  of  Oetitral  Railroad  of  New  Jersey 12,202 

Wasliiogton  &  Morris'  Canal 152,418 

South  Division  D.  &  L.  R.  E 27,946 

Total 1,006,887 

AMOUNT  OP  COAL  USED  IN  THE  PRODUCTION  OF  IRON  IN  TUB 
UNITED  STATF,8. 
la  the  production  of  Anthracite  Pig-iron,  about  two  tons  of  coal  is  required  to 
produce  the  ton  of  pig.  In  the  coke  and  raw  coal  furnaces,  three  tons  of  coal  is 
near  the  average  use  to  the  ton  of  metal  produced ;  and  in  the  Rolling  Mills 
generally,  three  tons  of  anthracite  coal  is  used  per  ton  of  T  rails  made,  but  a  larger 
amount  is  required  to  produce  small  merchant  bar. 

ToasItoB  Tons  of  CdsI  OEtxl  Id  Tode  Cual 

niBde.  produce  tho  Ton  of  Iron.  used. 

Anthracite  Iron 6^^4.319  2  1,368,638 

Coke  and  Eaw  Coal  Iron 210,108   3   (i30,32it 

Rolled  Iron 335,369   3  1,006,107 
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DBLAWAEB  AND  HUDSON  CANAL  COMPANY. 

Providench,  Pa.,  January  Ist,  1866, 
Statement  of  the  amonnt  of  Coal  mined  and  forwarded  on  the  Railroad  of  this 
Company  for  the  year  ending  December  15th,  1865,with  the  sources  whence  receivedi 

Carbondale,  D.  &.  H.  Canal  Co's  mines 255,135 

Olyphant  do.  do.         do. 174,8r)0 

Providence,        do.  do.  do 134,589 

. 565,174 

Eushdale,  John  Jerrayn 65,171 

Archbald,  Baton  &  Co 81,781 

Arch  bald,  Boston  &  Lackawanna  Coal  Co 6H,4S8 

Dickson,  Elk  Hill  Coal  Co 26,480 

—  246,921 

Total  for  1865 812,094 

Total  for  1864 88(i.841 


COAL  TRADE  OF  KLIZABETJTFORT. 
The  following  is  the  quantity  of  Coal  received  at  Elizabethport,  New  Jersey,  by 
the  different  Companies  and  Shippers  in  1865  : 


Scranton  Coal,  by  D.  L.  W.  R.  R.  383,792 

S.  Bonnel,  Jr 105.531 

L.  Andeuried  &  Co 84,952 

E.  A.  Packer  &  Co 60,577 

A.  Pardee&Co 39,456 

A.  T.  Stout  &  Co 33,220 

Randolph  k  Brothers 23,906 


Willisbarre  Coal  and  Iron  Co . ,  .  23,080 

Tan  Dusen.  Lockman  &  Co 18,624 

Rathbun,  Caldwell  &  Co 16,077 

Consolidated  Coal  Co 7,041 

Daj&  Hnddell 6,745 

E,  A.  Quiutard  &  Co 1,063 

Sundry  Shippers 2,111 


Total 906,195 

Of  which  422402  tons  were  from  the  Lehigh,  Schuylkill  and  Wilkesbarre  Regions, 
independent  of  that  sent  from  Scrauton  by  the  Delaware,  Lackawanna  and  Western 
Railroad  Company. 

BLOSSBUEG  AND  BARCLAY  COAL  TRADE. 


1840 4,235  . 

1341 25.966  . 

1842 13.164  . 

1843 6,268  . 

1844 14,234  . 

1845 29,836  . 

1846 16,509  . 

1847 29.087  . 

1848 33,762  . 

1849 32.095  . 

1850 23,161  . 

1851 25,000  . 

1852 20,000  . 

1853 45,571  . 


1854 
1855 
1856 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 


r3.201  . 
10.670 


97,571  27,718 
112,713  40,835 


179,334 

52.779 

226,183 

54,116 

353,124 

62.000 

394,631 

68,463 
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STATISTICS  OF   COAL.  >  i-  t 

BITUMINOUS  COALS. 

GREAT  CENTRAL  COAL  FIELD— 1S64. 

Illinois 1'""^.^"" 

Indiana '^"O.OOO 

Western  KentacW 250,0(10 

Missouri  and  Iowa J*0^ 

2,250,000 

Michigan  Goal  Piclll ^'"''""'' 

Total 2,350,000 

TABLE  OP  BITUMINOUS  COAL  MINF.P  IN  THE  ALLEGHENY  COAL- 
FIELD IN  PENNSYLVANIA— 1864. 

•Barclay  Coal  &  Bailroad  Company 54,000 

Balaton  and  vieiQity 20,000 

•Blosaburg 385,000 

Lock  Haven  and  Tyrone  Bailroad,  &c 45,000 

*0n  line  of  Philadelphia  and  Brie  Railroad 27,000 

♦Oonndlsville  &  Pittsburg  Eailvoad I4G,000 

«PennaylTania  Central  Eaitroad 960,000 

•Pennsylvania  Canal S'^^OO 

Joniata  Biver 239, 1 12 

•Monongahela  Navigation 1,170,000 

On  the  line  of  the  Yonghiog'lien}'  River 500,000 

On  the  line  of  the  Allegheny  Biver 500,000 

Furnaces  and  Mills  on  the  Conemangh  River 800,000 

All  other  localities 1 ,000,000 

Total  tons  of  2000  pounds t5,S''0,712 

TABLE  OF  COAL  PRODUCED  FROM  THE  ALLEGHANY  OOAL-l'-IELD 
IN  18644 

PennsylvaniLi. 5,870,713 

Ohio 1,000,000 

Maryland 657,996 

West  Virginia 500,000 

Kentucky 250,000 

Tennessee -^^OOO 


Alabama  . , 


300,000 


Total  tons  of  2000  pounds 9,0' 


le  Conemnugh  e-ttd  Jz 
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STATISTICS  OF  THE  CUMBERLAND   COAL  TKADE  FROM  ITS 
UOMM.BN  CEMENT. 


Compiled  from  Official  Sources,  hy  0.  Slack,  Mount  Savage,  Md. 
TABLE  No.  1.— DETAILS   OP  1865. 


18G5. 

C„™..M 

,.„i,„.. 

HAHB  OF  coif  PA  NT. 

^^*" 

Ti.r 

.0... 

.0..., 

— 

.„,. 

TONS. 

TO«S. 

TO... 

TO.-S. 

TO.S, 

TOSS. 

Ameiican  Coal  Company 

Centi-al  C.  M.  &  M.  Company. 

33,756 
43,774 
31,?S0 
34,018 
33,483 
44,338 
8,936 
790 

04,800 
50,437 

363 
8 

15,113 
1!6 
45 
36 

'■"'s 

s',180 
"080 

88,918 
103,209 
31,799 
36,415 
33,483 
45,376 
40,814 
3,680 

26,100 

43,660 
9,537 

14,050 
6,423 
2,007 

31,766 

24,457 
7,490 
8,040 

11,783 
3,185 

10,294 
5,27!i 

17,931 

S-wanton  Minmg  Company 

3,397 

""ili 

30,888 
1,881 

34,830 
43,310 
28,069 
14,863 
5,197 

George's  Creek  C.  &  I.  Oo 

Hampshiie  Sc  Baltimore  C.  Co. 

Neff  Run  Coal  Company 

Fi'ostburg  Coal  Company 

Consolidation  Coal  Company,. 
Borden  Mining  Company. 



11,124 

18,140 
17,373 
9,833 
5,161 
Ii,099 
16,519 
1,053 
38,653 
41,576 
66,900 
34,383 
10,309 
70,305 

68,098 
60,599 
37,936 
30,050 
10,396 
16,519 
5,2ri 
38,053 
41,576 
127,880 
34,469 
10,300 
71,345 

....'..... 

MidlotMaji  Coal  Company 

Atlantic  &  G.  C.  C.  Company. 

BaTage  Mountain  Coal  Co 

Gleorge's  Creek  Mining  Co 

8,618 

67,800 
107 

5,404 
15,118 

!),77H 
26,793 

Biaen-Aron  Coal  Company.... 

Ppiiice  Hill  Ooal  Company 

Hampsliire  &  Baltimore  0.  Co, 



540,116 

843,303 

30,177 

908,459 

275,024 
30,525 

245,499 

39,535 

RECAPITULATION'. 

By  Cumberland  &  Pennsylvania  E.  R.  to  Baltimore  &  OLio  E.  R 308,2fiO 

"  "  "    to  Cliesapeake  &  Oliio  CanaL.. 385,305 

■'  '■  "    toLocal .....16,017 

660,503 

By  Cumberland  Coal  and  Iron  Oo.  to  Baltimore  and  Ohio  Bail  road...  1 01 ,4  71 
"  "  "  to  Cliesapeake  and  Olno  Canal....  57,907 

"  "  "  to  Local 3,180 

163,558 

By  Hampsliire  &  Baltimore  P.  R.  to  Baltimore  and  Oliio  Riiilrond...  70,305 

"  "  "     to  Local 980 

71,845 

Total 003,495 
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STATISTICS   OF   COAL. 
No.  2. 
!  CUMBERLAND  COAL  TRADE.— From  18i2  to  1865,  ii 
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ANTHRACITE  GOAL  TEADE  OF  PENNSYLVANIA. 

The  following  Table  exhibits  tlie  Anthracite  Coal  seat  to  Market  from  the  different 
Regions  in  Pennajlvania,  from  the  Commeueeraeat  of  the  Trade  in  1820  to  1865, 
inclusive. 

HARD  ANxnUAClTBS. 


1 

i 

1,^ 

1 

1 

1 

1 

3 

1 

-" 

1 

1 

3 

=3 

5 

^ 

s 

■^ 

5 

M 

^ 

im 

1       , 

lS-4 

V'M 

1 

*l 

1 

11  W 

3130 

m 

kfd 

31^074 
30252 

183  03» 

188  0 

7  483 

169  131 

16    131 

1S30 

89»S4 

S9  934 

8  3*1 

41,750 

41      0 

1833 

ill 

ri 

14  000 

10  04( 

40  96( 

ISii 

n  2,971 

40  001 

226  892 

338  80 

iioflc 

18  W 

100.314 
131  iiC 

IJl  _" 

1S37 

*3i,04: 

a^ioi 

17  000 

i7S6! 

823,905 

2^90 

iiosTi 

*33  87(1 

28,77; 

+4'>B08 

20  139 

30,390 

112102= 

3  OS!  960 

3  031060 

B0oS9 

217  000 

17172^ 

1  819  963 

1819"963 

1840 

4,    291 

46a,'>91 

23.  SM 

2O0OO 

28  924 

22,  318 

23j318 

1841 

17  653 

40  0O( 

41  22) 

14)  03; 

143  037 

4Q90» 

541604 

27^^*6 

2^  AS 

2soaM 

077115 

Sim 

267703 

S43 

263  If; 

820  2r 

M91( 

57  JOO 
74.00i 

90  ™( 

377  001 

4"  4  1 

1  233  142 

1236/18! 

1  360  681 

I  583,37! 

'"e  610 

fl33  00! 

48S60i 

849 

1 115  m 

1603121 

78^99 

174  758 

239  290 

791  61( 

SIB08 

8  790  360 

eieSTos 

10  358  740 

445  85S 

783  788 

1169)47 

4  317  748 

4  317  749 

ISuO 

283  030 

1*23  977 

1712  007 

70  919 

ill9« 

207  S63 

600  403 

690  419 

s 

1'" 
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ANTHRACITE  COAL  TRADE  OF  PENNSYLVANIA. 

The  following  Table  exhibits  the  Anthracite  Coal  sent  to  Market  from  the  different 
Regions  in  Pennsylvania,  from  the  commencement  of  the  Trade,  in  1820,  to  1865, 
inclusive. 

HARD  AHTHRACITBS. 
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COAL  FIELDS  OF  THE  WOELD  AND  THEIR  PEODUCTIONS. 


British  Islands 6,195 86.000,000 

United  States 200,000 22,000,000 


Prussia  and  Saxony  , 
France 


Anstria  and  Bob  en 
Arcadia 


1,000 12,000,000 

1,000 10,000,000 

510 10,000,000 

1,000 2,S0O,OOO 

200 400,000 

2,200 500,000 


Total  coal  production  of  the  world 143,400,01 


TABLE  OF  BRITISH  COAL  PRODUCTION'. 


1845 31,500,000 £7,875,000 

1850 50,000,000; 12,500,000 

1854 64,661,401 16,165,350 

1855 61,453,079 16,113,267 

1856 66,645,450 16,663,862 

1857 65,394,707 16,348,676 

1858 65,008,649 16,252,162 


1859 71,979,765 17,994,941 

1860 80,042,698 20,010,674 

1861 83,635,214 20,!I08,803 

1862 81,638,338 20,409,584 

1863 86,292,215 21,573,053 

1864t ....  90,000,000 3110,000,000 


PRODUCTION  OF  BITUMINOUS  COAL  IN  THE  UNITED  STATES. 


Alleghany  Coal  Field 9,078,708 

Do.         Increase  in  Maryland  in  1865 .... 

Do.        Increase  in  Pennsylvania  in  1865 

Central  Coal  Field 

Increase  in  lUiuois  in  1865 

Northern  or  Michigan  Coal  Fields 

East  Virginia  and  North  Carolina 


9,07£ 


245,499 
250,000 

2,250,000  2,250,000 

100,000 

100,000  100,000 

200,000 


11,628,71 


Decrease  in  the  Southern  States  in  1865  . 


,974,207 
600,000 


Total  Bituminous  production  h 
Anthracites. 


1865 11,324,207 

11,532,732 


Total  United  States.. 


all  low  valDss,  siaoe  Ihe  t 
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STATISTICAL  TABLE  OF  THE  ANTHRACITE  EEGIONS. 
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$40,000,000 

PRODUCTIONS  PEE  CAPITA. 

In  the  Lehigh  regions  but  little  development  comparatiyely  has  been  done  during 
the  last  two  years,  consequently  a  greater  production  per  head  per  annum  is 
apparent;  but  in  reality  there  has  been  a  greater  production  of  eoa!  per  head  per 
annum  by  each  person  actually  engaged  in  getting  coal  in  the  Mahanoy  reg-ion.  In 
the  Shaniokin  region  likewise,  a  large  number  of  the  workmen  has  been  engaged 
in  opening  and  developing  mines  instead  of  digging  and  preparing  coal.  The 
"Wyoming  and  Lackawanna  regions  also  appear  to  disadvantage,  because  many  of 
the  mines  there  are  suspended  during  the  winter  season.  There  can  be  no  doubt, 
however,  but  the  Schuylkill  production  is  behind  all  other  regions,  on  aeconnt  of 
the  great  depth  of  the  mines,  the  imperfect  improvements  and  machinery  at  many 
of  the  old  collieries,  the  comparative  smaliness  of  many  of  the  seams  worked,  and 

In  all  the  regions  enumerated,  except  the  Lehigh,  a  large  portion  of  the  time  was 
lost  during  1865,  which  tended  materially  to  reduce  the  quantity  of  coal  produced 
per  head.  An  average  production  daring  favorable  seasons  is  about  300  tons  per 
head  per  annum,  or  one  ton  for  each  man  and  boy  employed  per  day. 

This,  however,  is  a  very  unsatisfactory  and  limited  production  from  oar  large 
coal  beds,  and  plainly  condemns  the  system  pursued,  since  the  average  production 
per  head  per  annum  in  the  Great  Northern,  or  Newcastle  coal  field,  where  the 
seams  are  only  from  three  to  five  feet  thick,  is  500  tons. 
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"  Daring  1854  there  were  64,739,789  tons  of  coal  mined  in  Great  Britain,  and 
146,496  men  and  boys  employed  at  the  mines,  inside  and  outside.  This  gives  as  the 
average  productiou  of  the  British  mines  about  440  tons  per  head  per  annum,  while 
the  Newcastle  production  is  over  500  tons  per  man  and  boy  per  aunnm. 

We  have  no  reliable  statistics  of  the  Cnmberland  region,  but  from  the  Broad  1'op 
region  oar  data  is  complete.  The  amount  of  coal  produced  in  1865  were  315,996 
tons,  and  the  number  of  men  and  boys  employed  inside  and  outside  965,  which  givca 
»  production  of  426  tons  per  head  per  annum. 

la  the  Department  of  the  Nord,  France,  where  the  coal  seams  are  very  thin,  from 
two  to  three  feet  thick,  the  production  per  capita  is  only  105  tons ;  but,  in  the 
Department  of  the  Loire,  where  the  coal-becis  are  thick,  the  production  per  capita 
is  244  tons  per  capita. 

CAPITAL  INVESTED  IN"  THE  ANTHRAOITB  COAL  TEADE. 

In  the  preceding  Table  we  have  given  a  close  estimate  of  the  amount  of  capital 
actually  employed  in  mining,  or  the  production  of  coal,  at  $40,000,000.  This  in- 
cludes all  improvements  at  the  collieries,  but  not  the  value,  or  capital  invested  in 
coal  lands,  railroads,  &c. 

The  value  of  tho  coal  lands  are  estimated  for  the  several  regions,  at  an  average 
of  $250  per  acre.  Good  coal  lands  can  still  be  purchased  at  £150  per  acre,  but 
they  also  command  $1000  in  favorable  localities.  The  entire  area  of  the  anthracite 
coal  fields  is  estimated  at  470  square  miles.  We  will  accept,  however,  500  square 
miles,  or  320,000  acres,  as  the  amount  of  land  available,  or  that  which  may  be 
bought  and  sold  as  coal  lands,  since  it  is  seldom  that  a  largo  coal  tract  can  be  pur- 
chased without  taking  in  a  portion  of  unproductive  territory.  At  $250  per  acre, 
which  is  extremely  low,  since  English  coal  lands,  containing  one  half  the  workable 
thickness  of  coal,  sell  readily  at  |5,000  per  acre— the  value  or  capital  represented 
by  our  mineral  lands  in  the  anthracite  regions  ia  $80,000,000. 

The  capital  invested  in  railroads  and  canals  penetrating  these  coal  fields,  built 
principally  for  their  development,  and  sustained  by  the  coal  trade,  is  $170,000,000, 
not  including  the  Northern  Central  and  New  Jersey  Central  railroads.  The  Oatta- 
wiasa.  Northern  Centi-a!  and  New  Jersey  Central  are  not  included  in  the  above 
estimate  on  our  tables,  as  they  were  not  built  espressly  for  the  transportation  of 

RECAPITULATION. 

Capital  Invested  in  Mining $40,000,000 

■'      represented  by  Coal  Lands 80,000,000 

Eailroads 70,000,000 

"               Canals 40,000.000 

Total 1230,000,000 
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RAILROADS   OF  THE  ANTHRACITE  REGIONS,     1864. 
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TABLE  OF  CANALS  EMPLOYED  IN  THE  COAL  TKADB. 
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The  length  of  locomotive  track,  including  sid 
is  1,531J-  miles,  and  the  length  of  the  main  lines 

The  length  of  mining  tracks  inside  acd  on 
waya,  leading  from  mines  to  shipping  points,  su 
13  780  miles. 


MINING  TEACK  INSIDE  AND  OUTSIDE  OF  MINES. 


Schaylkill  Region 200  . 

Wjoming  and  Lackawanna  Region  ,  251  . 

Lehigh  Regions 67  . 

Mahanoy  Region 54  . 

Shamokin  Region 24  , 

Total  miles S96 
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PLANE  ENGINES  USED  IN  TEANSPOETING  COAL. 

Delaware  and  Hudson  Canal  Co's  Planes 24  2,165 

Pennsylvania  Coal  Go's  Planes (estimated)  23  2,000 

Lehigh  Goal  and  Navigation  Go's  Planes 8  1,100 

Lehigh  and  Snsqnehanna  Railroad  Pianos 3  390 

Mahanoy  and  Broad  Monntain  Eallroad  Planes  ...  2  SOO 

Mine  Hill  and  Mahanoy  Planes 2  392 

62  6,547 

Engines  nsed  in  mining  Coal  at  Mines 792  41.453 

Total  Horse-power 854  48,000 


HOME  AND  COLLIERY  CONSUMPTION. 

"We  gave  tho  amount  of  coal  consumed  by  our  anthracite  blast  fnrnaccs  under  the 
Statistics  of  Iron.  This  is  included  in  the  shipments,  hut  the  amount  of  coal  nsed 
at  the  mines  for  steam,  ventilation  and  other  purposes,  can  only  he  estimated,  since 
they  do  not  appear  in  the  tables  of  the  trade,  and  are  not  estimated  in  the  colliery 
productions.  Much  of  the  coal  consumed  by  tJie  colliery  hands,  and  in  fact  the 
home  consumption  generally,  are  either  obtained  gratuyonsly  from  the  mines,  or 
are  the  production  of  very  small  operations  in  the  outcrops  of  coal-seams  or  aban- 
doned mines,  which  are  not  noticed  in  the  statistical  returns. 

The  theoretical  value  of  coal,  if  all  its  carbon  is  properly  consumed,  and  its 
caloric  utilized,  is  one  horse-power  from  one-tenth  of  a  pound  of  coal.  But  our 
very  best  steam  engines  give  a  horse-power  from  the  combustion  of  two  pounds  of 
coal  per  hour,  and  it  may  be  estimated  as  pretty  good  economy  if  we  obtain  a 
horse-power  from  the  consumption  of  four  pounds  of  coal  per  hour.  In  the  coal 
regions  not  less  than  sis  pounds  of  coal  are  consumed  per  hour  for  every  horse- 
power wHIo  in  operation,  or  seven  tons  per  one  hundred  horse-power  in  twenty-four 

The  nnmber  of  steam  colliery  engines  are  792,  and  the  power  41,453  horses, 
which,  at  a  consumption  of  seven  tons  per  100  horse-power  in  twenty-four  hours,  will 
require  870,813  tons  per  annum  for  the  colliery  engines  alone.  To  this  may  be 
added  an  equal  amount  for  the  ventilating  furnace  fires,  smiths'  works,  miners'  uses, 
&c.,  &c.  We  are  safe,  however,  in  stating  that  not  less  than  1,500,000  tons  of  coal 
are  annually  used  for  home  and  colliery  consumption  in  the  Anthracite  Regions, 
which  do  not  appear  in  the  published  returns  of  the  coal  trade. 
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DESCRIPTIOH"  OP  MINES. 


LEHIGH  COAL  BASINS. 


-(See 


■'.) 


BUCK  MOUNTAIN"  COAL  00. 
Clifton  and  Black  Creek  Basin  mines : 
Four  collieries,  all  on  "Back  Monntain" 
vein,  below  water  level;  steam-power, 
385  horse;  capacity,  125,000  tons  per 
annum  ;  production  in  1864,  78,534  tons ; 
in  1865,  88,40i  tons. 

So.  2. 

SHARP,  WIRSS  &  CO. 
Eckley  mines,  at  Bckley,  in  Big  Black 
Creek  Basin,  on  Mammoth  vein,  below 
water  level ;  steam-power,  275  horse ;  ca- 
pacity, 126,000  tons  per  annum ;  produc- 
tion ia  1864,  109,349 ;   in  1865,  105,411 

'  '"  Ho.  3. 

GEO.  B.  MAEKLB  £  00. 
Jeddo  miuea,  at  Jeddo,  in  Big  Black 
Creek  Basin :  Three  slopes  on  Mammoth 
and  one  in  Buck  Mountain  vein ;  steam- 
power,  600  horse;  production  in  1864, 
153,563  tons;  in  1865,  143,897  tons. 

Ho.  4. 

EBEEVALE  COAL  COMPANY. 

Ebervale  mines,  at  Ebervale,  in  Big 
Black  Creek  Basin:  Three  slopes  on 
Mammoth;  production  in  1864,  52,131 
tons ;  in  1865,  54,785  tons. 

No.  S. 

HAEUEIGH  COAL  COMPANY. 

Harleigh  mines,  at  Ilarleigh,  iu  Big 
Black  Creek  Basin  :  Two  slopes  on  Mam- 
moth ;  steam-power,  140  horse ;  capacity, 
100,000  tons  per  annum  ;  production  in 
1864,  60,796  tons ;  in  1865,  65,455  tons. 

Ho.  6- 

STOUT  COAL  COMPANY. 

Milnesville  mines,  at   Milnesville,  in 

Little  Black  Creek  Basin :  Three  slopes 


on  Mammoth  and  Buck  Mountain  ;  steam- 
power,  195  horse ;  capacity,  100.000  tons 
per  annum;  production  in  1864,  61,214; 
in  1865,  66,741  tons. 

Ho.  7.      , 

PACKEE,  LINDEEMAN  &  CO. 

Stockton  mines,  at  Stockton,  JTaEleton 
Basin  :  Four  slopes  on  Mammoth ;  steam- 
power,  670  horse ;  capacity,  1,000  tons 
per  day ;  production  in  1864, 143,090  tons; 
in  1865, 123,615  tons. 

Ho.  8. 
A.  PARDEE  &  CO. 
Ilazletoa  mines.  Diamond  mines,  Lau- 
rel  Tliil  mines.  Cranberry  mines.  Crystal 
Ridge  mines  No  1,  and  rr\''tal  Ridge 
mines  No.  2 :  Eight  collieries  below 
water  level  on.  Mammoth  bed ;  steam- 
power,  1,032  hoise  capacity,  10  000  tons 
per  week;  production  m  1864,  210,907 
tons ;  in  1865,  170,718  tons 

Uo.  9. 

TAGGAET,  HALSEY  &  CO. 
Mount  Pleasant  mines,  Hazlcton  Basin, 
west  of  Hazleton  :   Two  slopes  on  Mam- 
moth ;  production  in  1864,  39,391  tons ; 
in  1865,  28,426  tons. 

Mo.  10. 

ASnBUETON  COAL  COMPANY. 
AshburtoQ  mines,  Hazleton  Basin,  four 
miles  west  of  Hazleton :  New  place  in 
course  of  development;  no  shipments; 
on  Wharton  (Skidmore)  and  other  mhit« 
ash  seams ;  steam-power,  150  horse. 

Ho.  11. 

WILLIAM  T.  CAETEE  &  SON. 

Coleraine  mines,  in  Beaver  Meadow 
Basin :  Three  slopes  on  Mammoth ;  steam- 
power,  275  horse;  capacity,  2,000  tons 
per  week;  production  in  1864,  49,181 
tons ;  in  1865,  54,735  tons. 
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HONEY  BROOK  COAL  BASINS. 

Uo.  15— Bee  Map. 

HONEY   BROOK  COAL   COMPANY. 
Capital,    S3,000,000. 


Tlie  celebrated  Honey  Brook  and  Audenried  mines  are  located  in  Carbon,  Lnzerna 
and  Scliujlltill  counties,  (see  Map  of  tlie  Antliracite  fields,)  and  in  the  western,  and 
perhaps  the  most  productive  portioQ  of  the  first  Lehigh  coal  field,  generallj  knowa 
as  the  Beaver  Meadow  Basin, 

Reference  is  made  to  the  Honey  Brook  Basins  on  page  192  and  193,  where 
some  doubt  is  expressed,  thongh  not  prejudicial,  as  to  the  number  of  coal  seams 
and  the  depth  of  the  basins;  but  above  we  present  an  accurate  traDsverse 
eectiou  of  these  basins. 

It  will  be  noticed,  and  demonstrated  by  the  accompanying  section,  on  the  neat 
page,  that  the  Mammoth  bed  is  here  in  its  best  condition,  and  that  all  the  lower 
seams,  except  A,  are  in  good  condition.  One  very  singular  feature  of  these  basins 
is  the  esisience  of  the  lower  bed,  B,  on  the  red-shale,  and  the  conglomerate 
between  the  beds. 

The  lower  veins,  however,  are  not  as  large  here  as  in  a  few  other  parta  of  the 
Iiehigh  Regions,  but  the  Mammoth  is  in  its  maximum  siao,  and  presents  a  magni- 
ficent bed  of  nearly  pure  coal,  from  thirty-five  to  forty  feet  in  tliickaeas. 

The  Lehigh  coals  enjoy  a  higher  reputation  generally  than  any  other  coal 
sent  to  market,  and  the  production  of  the  Honey  Brook  mines  is  the  veiT/ 
beat  Lehigh, 
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DESCRIPTION  OP  MINES.  I'M 

For  a)l  purposes  in  which  Anthracite  fuel  is  available,  this  coal  ia  a  superior 
rigure  194.  article,  from  its  preeminent  purity  and  freedonj  from  sul- 

phur and  slate. 


The  accompanying  section  of  the  Mammoth  presents  six 
solid  benches  of  coal  that  cannot  be  equalled  in  the  Lehigh 
Hegion;  while  both  the  Wharton,  D,  (Skidmore,)  and  the 
Buck    Mountain,  B,    as    represented,    are    fine    workable 


Tl  ere  e  three  la  ge  coll  es  at  H  ney  B  ook  e 
li  ow  as  tie  Udenr  ed  shift  n  the  r  ght  or  No  h 
ba  n  a  d  two  n  tl  e  left  (  lo)  es )  o  Sou  h  !  a  n  a 
reir  ntci  Tley  a  e  all  p  o  d  1  w  th  [ow  rf  1  ma 
ch  ne  y  for  pnap  ^  water  nd  to  tng  ant  j  [ar  g 
coil — tl  at,gregite  power  about  1 0  horse  Tl  e 
p  eseat  ci|;a   ty  of  the  m    es       al  out  dOOOO     lo  s  per 

nn    n     t  worked  up  to  the  r  al  1  ty   while  the  i  r  pe  ty 

■j  ajable  of  prndu  ng  1  ulle  tie  amonnt  for  fiftj  year 
to  ome  Alo  t  15  000  tons  were  p  od  ced  d  rng 
Ibfi  and  121 000  tons  n  l'^65  The  great  drawha  k  to 
tl  e  J  du  t  0  h  s  V  en  11  e  wdnt  of  fran  portat  on  f  om 
tie  D  ne     to  the  n  irket      nl  ch  las    b  en    s  ff    od 

mn  on  w  tl  all  the  Leh  gh  sh  [  [  e  a  An  oppo  un  y 
ct  ats  however  to  connect  these  n  nea  by  a  h  rt  1 
favoalle  road  w  th  the  L  ttle  SI  jlkll  an  i  Bead  " 
Eal    ad  anl     ^cn  e  entually  a  new  outlet  to  loth  Ph  la 

1  It  ha  aod  New  To  k 


The  IIo  ey  Brook  E-state  cons  ta  of  1 1  6  a  rea  of  land 
ani  tie  annunt  of  coal  «h  ch  t  conta  ns  his  leen  ct 
mated  at  f  o  n  JO  000  000  to  50  000  000  tons  Tl  e  th  ee 
coll  er  ea  now  n  ojerat  on  i  e  fully  equal  to  tl  e  [  rod 
t  n  of  1  000  tons  i  er  day  h  le  the  e  s  an  pie  r  o  1  r 
tl  ee  add  t  onal  c  11  er  ea  of  e  jual  or  greater  capa  ty 
The  total  cii  ac  ty  of  tl  e  j  pertj  may  theref  re  I  lited 
at  dOO  000  tons  per  annun 

The    mining  villages  of  Audenried,  Honey  Brook    and 
Springville,  which    are    located   on   this  property,  contain 
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nearly  two   huadred   houses,  while  Audearied,  the    principal   village,   has    i 
hotel,  and  is  one  of  tlio  prettiest  villages  io  the  Coal  Begions. 


PRESIDENT : 
J.  B.  McCEEARY. 

TEEASUEEE: 
DAVIS    PE  AKSON. 

SEOEETAEY : 
S.    MonENKY. 

DIEEOTOES : 
J,  B.  McCREAEY,  t       DAVIS  PEAESOK, 

LEWIS  AUDENRIED,  |       GEORGE  H.  MEYERS, 

THOMAS  A.  REEVES. 


Wo.  13. 
GERMAN  PENNSYLVANIA  COAL 
COMPANY. 
Tresckow;  Two  collieries  in  Beaver 
Meadow  Basin ;  three  slopes ;  one  on 
Wharton  (Skidmore)  and  two  on  Mam- 
moth ;  steam-power,  420  horse ;  capacity, 
100,000  tons  per  annum;  production  in 
1864,  78,402  tons;  in  1865,  67,448  tons. 

No.  13. 

SPRING  MOUNTAIN  COAL  00. 

Jeansville  mines,  in  Beaver  Meadow 
Basin ;  Five  slopes  on  Mammoth ;  steam- 
power,  636  horse ;  capacity,  150,000  tons 


per  annum;  production  in  1864,102,881 
tons;Jn  ltl65,  97,130  tons. 

Wo.  14, 

THOMAS  I-IULL  &  CO. 
Smith's  Spring  Mountain  mines,  in 
Beaver  Meadow  Baain,  west  of  Jeaos- 
villet  Three  slopes  on  Mammoth;  ca- 
pacity, 100,000  tons  per  annum ;  produc- 
tion in  1864,  53,110  tons ;  in  1865,  66,248 
tons. 

Wo.  16. 

McAULEY  MOUNTAIN  COAL  00. 
In  McAuIey  Mountain  Basin,  which  is 
the  most  western  and  limited  of  the  Le- 
high Coal  Basins.  Buck  Mountain  vein, 
production  in  1865,  546  tons. 
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DESCRIFyiON   OF    MINES. 


MIDDLE  COAL  FIELD— SHAMOKIN  REGION. 


No.  3. 

WILLIAM  MONTELITJS. 
Stnartaville  colliery,  near  Mount  Oar- 
mel,  on  land  of  Locaat  Mountain  Goal 
■  and  Iron  Companj :  Mammoth  vein,  above 
and  below  water  level ;  average  eapacity, 
50,000  tons  per  annum ;  production  in 
1865, 23,251  tons ;  steam-power,  60  horse. 

Ho.  3. 
WM.  F.  PATTERSON  &  00. 
Coal  Monntain  colliery;  location  Mount 
Carmel,  on  lands  of  Susquehanna  Goal 
and  Coal  Mountain  Company :  Mammoth 
vein,  below  water  level;  production  in 
1865, 8,963  tons ;  3t«am-power,  130  horse. 

Ho.  4. 

HOOTER  &  YAENALL. 

Isaac  Taylor  colliery,  near  Mt.  Oannel, 

on  Mammoth :  Production  in  1865, 4,596. 

Wo.  5. 

SAMUEL  JOHNS  &  SONS. 
Green  Mountain  colliery,  near  Mount 
Carmel,  on  lands  of  Green  Monntain  Coal 
Company :  Capacity,  30,000  tons  per  an- 
num ;  Mammoth  vein  above  water  level ; 
steam-power,  40  horse;  production  in 
1865, 14,132  tons. 

Wo,  6. 
J.  H.  DEWEES. 
Excelsior  colliery,  on  Fulton  Coal  Co. 
lands,  above  water  level,  on  the  Mam- 
moth :  Steam-power,  30  horse ;  capacity, 
50,000  tons  per  annum;  production  in 
1865, 18,572  tons. 


J.  B.  POUTy  &  CO. 

Crittenden   colliery,  near  Locuat  Gap, 

L  Fulton  Improvement  Goal  Company 

lands,  above  water  level,  on  Mammoth 

Twin  veins :   Steam-power,  25  horse  ; 

capacity, 30,000  tons  per  annum;  produc- 

Dn  in  1365, 13,919  tons. 

Ho,  s. 

C.  P.  NOETON  &  CO. 

Enterprise  colliery,  near  Locust  Gap, 

I  Fulton  Improvement  Company  land, 

above  water  level,  on  Mammoth  vein ; 

Steam-power,  25  horse ;  capacity,  30,000 

tons  per  annum;    production   in  1865, 

11,372  tons. 

■No.  9. 

SHAMOKIN  COAL  COMPANY. 

Lancaster  colliery,  on  the  lands  of 
Shamokin  Valley  and  Pottsville  Eailroad 
Company,  on  Mammoth  vein :  Produc- 
tion in  1865j  43,751  tons. 


J.  H.  DEWEES  &  BEOTHEE. 
I,ambert  colliery,  on  land  of  New  York 
and  Middle  Coal-field  Company,  below 
water  level,  Orchard  vein,  Eed-ash  eoal ; 
Steam-power,  60  horse  ;  capacity,  5,000 
tons  per  month ;  production  in  1865, 
16,528  teas. 


BUEN8IDE  COAL  AND  IRON  CO. 
Luke  Pidler  colliery:   Eed-ash  coal; 
production  in  1865, 12,394  tons. 
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DOTITY  &  PENNINGTON 

Near  Shamolsin,  on  land  of  B    i  t 

Fnller,  below  water  level :  Steam-power 

80  horse ;  capacity,  50,000  tons  per  an 

Bum ;  new  collierj  in  course  of  de  elop 

No.  13. 
J.  B.  DOUTY,  Aqbnt. 
Henry  Clay  colliery,  near  Shamokin,  on 
land  of  B.  A,  &.  Fuller,  above  water 
level,  on  Mammoth  vein:  Steam-power, 
30  horse ;  capacity,  60,000  tons  per  an- 
num ;  production  in  1865,  32,523  tons. 

TBo.  14. 

MAY,  PATTEESON  &  BROTHER. 

Buck  BJdge  colliery,  near  Sliamokin, 
■  on  lands  of  Johnston  &  Eanshaw, 
above  water  level,  on  Mammoth  vein : 
Steam-power,  30  horse;  capacity,  100,000 
tons  per  annum ;  production  in  1865, 
41,522  tons. 

Wo.  15. 
BIRD  GOAL  AND  IRON  COMPANY. 

Big  Mountain  colliery,  near  Sliamokin, 
on  lands  of  Big  Mountain  Improvement 
Company,  above  water  level.  Mammoth 
or  Twin  veins  :  Steam-power,  30  horse  ; 
capacity,  500  tons  per  day ;  production 
in  1865,  40,294  tons. 


JOHN  HAAS  &  00. 
Cameron  colliery,  below  Shamokin,  on 
lands  of  William  Cameron  &  Co.,  above 
water  level,  Buck  Mountain  and  other 
veins ;  steam-power,  20  horse ;  capacity, 
100,000  tons  per  annum ;  production  in 
1865,  66,114  tons. 


Ho   17 
BITTENBLNDER  &  CO 
B  rns  de  colliery    near   'iham  k  n,  on 
lands    of    B  "    M     nt^  n    In  provemeat 
Company    above  wa  er   level    on   Mam- 
oth  an  1  Pr  mro  e  ve  ns     Steam  power, 
tiO  horse ;  capacity,  50,000  tons  per  an- 
num; production  in  1865,  29,158  tons. 

Wo.  18. 

SHAMOKIN  AND  BEAR  VALLEY 
COAL  COMPANY. 
Bear  Valley  colliery,  Carbon  Run,  on. 
lands  of  Shamokin  and  Bear  Valley  Coal 
Company,  above  water  level,  on  Mam- 
moth or  Twin  veins :  Steam-power,  30 
horse;  capacity,  10,000  tons  per  annum; 
production  in  1865,  36,539  tons. 

No.  19. 
BALLARD  &  CO. 
Continental  colliery,  on  lands  of  Fulton 
Improvement  Company,  above  water  lev- 
el, on  Mammoth  and  Overlying  veins : 
Steam-power,  45  horse ;  capacity,  50,000 
tons  per  annum ;  production  in  1865, 
4,136  tons. 

Wo.  ao. 

TREVEETON  COAL  COMPANY, 

At   Treverton,  on   land  of  Trevcrton 

Coal   Company,   above   water   level,    on 

Buck   Mountain 'and  other  lower  veins; 

production  in  IBG.i,  27,095. 

Wo.  21,* 

SUTTON  &  UENRY. 
Dan  "Webster  colliery :  New  enterprise 
in  course  of  development;   production  in 
1865,  10  tons. 
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DESCRIfTJON    OF    MINES. 


MAHANOY  EEGION— MIDDLE  COAL  FIELD. 


T.  F.  PATTKESON"  &  CO. 
Above  Mahanoy  City,  on  Delano  laui3a ; 
Boutli  dips  of  Sbidmore  and  Buck  Monii- 
tain  veins,  above  water  level ;   Steam- 
power,  20  horse ;  new  place. 
No.  2. 
OOHMAN  &  WINTER8TEEN. 
Above  Mahanoy  City,  on  Delano  lands ; 
north  dips  of  Skidmore  and  Buck  Moun- 
tain »eins,  above  water  level ;  new  place. 

No.  3. 

THOMAS  GOKMAN. 
(Now  Hartford  Associated  Coal  Co.) 
Thomas  Gorman's  colliery,  near  Mii- 
hanoy  City,  on  Kear  &  Patterson's  lands, 
above  water  level,  on  Buck  Mountain 
vein :  Steam-power,  20  horse  ;  capacity, 
31)0  tons  per  day;  production  in  13GS, 
26,918  tons. 

No.  4. 

BAST  MAHANOY  COAL  CO. 

Near  Mahanoy  City,  on,  Delano  lands, 

above  water  level,  on  Skidmore  and  Buck 

Mountain    vein  :     Production    iu    1865, 

13,e83  tons. 

No.  5. 
ITTLL  &  HARRIS. 
Mahanoy  City  colliery,  on  lands  of  Dan- 
das,  Troutman  &  Biddle,  on  Skidmore, 
Mammoth  and  Primrose  veins,  above 
wator  level ;  Steam-power,  30  horse  ;  ca- 
pacity, 5,000  tons  per  month ;  produc- 
tion, 40,144  tons  in  1865. 

Ko,  6. 

ST,  NICHOLAS  COAL  COMPANY. 
St.  Nicholas  colliery,  below  Mahanoy 
City,  on  lands  of  Dnndas,  Troutman  & 
Biddle,  above  water  level,  on  Mammoth 
and  Buck  Mountain  veins :  Steam-power, 
.10  horse ;  capacity,  125,000  tons  per  an- 
num ;  production  in  1865,  90,818  tons. 
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No,  7. 

WIGOAN  &  TEEIBLES. 
Near  St,  Nicholas,  on  lands  of  Dundas, 
Troutman  &  Biddle,  above  water  level, 
on  Mammoth  and  other  veins:   produc- 
tion, 44,952  tons  in  1865. 

No.  8. 
ALTHOUSE  &  FOOTTT, 
Boston  Eun  colliery,  on  lands  of  Kear 
&  Patterson,  above  water  level,  on  Mam- 
moth,   Skidmore     and    Buck    Mountain 
veins:  production  in  1865,  40,810  tons. 


GEORGE  W.  COLE, 
Tunnel  Ridge  colliery,  on  lands  of  Dun- 
das, Troutman  &  Biddle,  above  water 
level,  on  Mammoth,  Primrose  and  Skid- 
more veins  ;  Steam-power,  60  horse ;  pro 
duction  in  1865,  39,624  tons. 


No.  10. 

RATHBUX,  STEAENS  &  00, 

(Now  Associate  Coal  Company.) 

Eathbun   colliery,  near   Mahony  City, 

oa   Unds  of  Kear  &  Patterson,  above 

water  level,  on  Primrose  and  Mammoth 

veins  ;  Capacity,  50,000  tons  per  annnm  ; 

production  in  1865,  28,427  tons. 


Mahanoy  Valley  colliery,  above  Ma- 
hanoy planes.  Tunnel,  above  water  level, 
on  Primrose  and  Mammoth  veins :  Steam- 
power,  30  horse ;  production  in  1865, 
from  four  collieries,  including  "Locust 
Mt.,"  and  the  "Locust  Gap"  collieries, 
113,209  tons. 

(See  description  in  Schuylkill  Region.) 
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No.  13. 

GILBERTON  COAL  COMPANY. 

Gilborton  collierj,  Mahaooy  Talley,  on 
lands  of  John  Gilbert,  below  water  level, 
oa  Mammoth  vein :  Steam-power,  250 
horse ;  capacity,  100,000  tons  per  annum  ; 
production  in  186S,  .?,5,2.'>9  tons. 

No.  13. 

W.  H.  SHEAFEE. 

Old  Tunnel,  on  the  Girard  Estate,  above 

water  level,  on  Skidmore ;  production  in 

1865,  5,973  tons. 


C.  GAEEETSON. 
Girard  colliery,  below  planes,  on  Mam- 
moth  and    lower   veins ;    production   in 
1865,  31,784. 

No.  16. 

DENGLF.B  &  EOBINSON. 

(Now  Boston  and  Mahanoj  Coal  Co.} 

Opposite   Mahanoy   planes,    slope    on 

Mammoth ;    production   In    1865,    10,215 

No.  17. 
CONNER  &  00. 

Locust  spring  colliery,  on  the  Gi 
Estate,  above  water  level,  on  Mammoth 
and  Primrose  veins :  Steam-power,  15 
horse  i  capacity,  200  tons  per  day. 

(See  Conner  &  Patterson.) 
No.  19. 

GEO.  W.  HUNTZINGER  &  CO. 

Colorado  colliery,  on  Girard  Estate, 
Shenandoah  Yalley,  below  Shenandoah 
City,  above  water  level,  on   Mammoth 
vein :   Steam-power,  30  horse  ;  capacity, 
75,000  tons  per  annum ;   production 
1865,  22,431  tons. 

No.  20. 

S.  E.  GEiaOOM  &  CO. 
In  Shenandoah  Valley,  two  miles  below 
Shenandoah  City,  above  water  level,  oa 
Orchards,  Primrose,  Mammoth,  and 
Lower  beds :  Steam-power,  40  horse ; 
capacity,  500  tons  per  day  ;  prodnction 
in  1865,  9,121  t«ns. 


No.  21, 
GIEAED  MUTUAL  COAL  CO. 
Shenandoah  colliery,  on  Girard  Estate, 
in  Shenandoah  Valley,  below  Shenandoah 
City,  above  water  level.  Mammoth  vein  : 
Steam-power, -30  horse ;  capacity,  75,000 
tons  per  annum;  production  in  1865, 
36,900  tons. 


A.  C.  MILLEE  &  CO. 


"W. 


Shenandoah  City  colliery,  ( F, 
Sheafer,  agent  for  land-owners)— above 
water  level,  on  Buck  Mountain,  Skid- 
more  and  Mammoth ;  Steam-power,  75 
horse;  capacity,  100,000  tons;  produc- 
tion in  1865,  74,902  tons. 


KNICKEEBOCKRE  COAL  CO. 

(I,ate  Fowler  &  Huhn.) 
Shenandoah  colliery,  above  Shenan- 
doah City,  on  lands  of  Dundaa,  Trootman 
&  Biddle,  above  water  level,  on  Bnek 
Mountain,  Skidmore,  Mammoth  and 
Primrose  veins :  Steam-power,  50  horse  ; 
capacity,  100,000  tons  per  annum ;  pro- 
duction in  1865,  27,602  tons. 

No.  24, 

SUFFOLK  COAL  COMPANY, 
Suffolk  colliery,  near  St.  Nicholas,  on 
lands  of  Dundas,  Trontman  &  Biddle, 
above  water  level,  on  Buck  Mountain, 
Skidmore,  Mammoth  and  Primrose  veins ; 
Steam-power,  30  horse ;  capacity,  100,000 
tons  per  ann 
39,083  tons. 


reduction    i 


1865, 


No.  25. 

GLENVILLE  COAL  COMPANY. 

Glenville  colliery,  near  the  McNeal 
Coal  Company,  on  lands  of  Dundas, 
Troutman  &  Biddle,  above  water  level, 
on  Buck  Mountain,  Skidmore,  Mammoth 
and  Primrose  veins :  Steam-power,  40 
horse ;  capacity,  100,000  tons  per  annum ; 
production  in  1365,  58,945  tons. 
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Ko.  18— See  Map. 

GIRAUDSVILLE  COLLIEBY.t 

This  colliery  is  located  on  the  Girard  Eatate,  or  Phlladelpliia  city  lands,  near 
Girarilgville,  and  on  the  southern  dips  of  the  Mahanoy  basin,  where  the  coal-bedg 
commeEce  to  overlap  the  Locust  Eidge  into  the  Shenandoah  Valley.  I'he  Mammoth 
bed  exists  here  in  its  best  condition,  about  25  feet  thick,  with  a  breast  of  240  feet 
above  water  level,  and  a  "  run"  of  two  miles.  The  Skidmore  is  also  in  its  best  size 
and  character  16  feet  thick,  with  a  breast  above  water  level  of  2,700  feet,  and  the 
same  "run"  as  the  Mammoth.  The  next  underlying  bed,  the  Buck  Mountain,  is 
reported  as  not  opened,  its  average  size  is  16  feet.  Above  the  Mammoth  are  found 
the  Mahanoy  (Primrose)  and  the  Orchards,  all  in  good  condition,  the  latter  being 
red-ash  seams. 

The  mines  of  the  Girardsville  colliery  is  above  water  level,  and  the  amount  of 
1    1 11         lb!         th     t  sloping,  will  last  for  many  years  to  come. 

Th         pac  tj    f  thiH       llicry  is  fully  100,000  tone  per  annum,  but.  like  others, 

tr  f  w  t  f  t  I  tation.  The  production  in  1865  was  47,156  tons,  ajid 
Id  th  L  t  &p  g  colliery,  of  Conner  &  Co.,  65,532  tons.  During  1864 
th        t  11  p    d  ced  81,097  tons,  yet  the  mining  facilities  in  1865  were 

g      t     th      1864 

Th  1  p    d       if        these  collieries  is  the  celebrated  "  Locust  Mountain," 

a  d  1  k  11  m  t  f  the  coal  obtained  from  this  famous  Anthracite  range,  is 
pi     d  d  pp  d  almost  a  pure  carbon.     It  was  used  extensively  by  our 

tr  m        d        g    h  for  Steam  purposes  on  board  the  blockadera  along  the 

th  t      It  b     ns  freely,  produces  no  smoke,  and  leaves  a  small  residue  of 

a  h  w  tl     t      b  1    kers.    We  consider  this  colliery  one  of  the  best  in  the 

Anth       t       g  Th    present  proprietor  is 

Col.  JAMES  J.  CONNER, 

Of  PottsviUe. 
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Descbiption.— Figure  198  i8  ft  transTeise  aeclion  from  the  Locu5  moiin- 

talae,  on  the  Pre»tovi  Eatatf,  a  Uttla  to  ilie  west  of  Girardsville.    Th    M  in  Is 

on  the  left,  and  tlie  Locust  on  the  right  of  the  seetioii.  The  observer  looks  west :  a  a  ava 
drifts  on  the  Mammoth  and  Mahanoj,  and  suppiy  the  Preston  eoiliery,  No.  1,  the  brealier  of 
which  is  located  atrf;  6  is  the  Preston  colliery.  No.  3,  which  is  supplied  byalopec,  on  the 
Mammoth,  and  two  drifts  on  the  Buck  Moantain  ;  e  ia  a  water-level  tunnel,  wliich  drains  the 
slope  e ;  ff  is  a  Hmall  basin,  on  wliich  the  Folkton  eoliierj  is  located.  This  haein  terminates 
a  short  distance  west,  and  the  workings  of  the  (  olkton  colliery,  passing  around  the  west  end 
of  the  middle  baab,  enter  the  left  hasin  under  h. 

Tlie  Preaton  colliery,  No.  4,  o,  is  located  about  one  mile  waat  of  the  Folkton,  and  is  sap- 
plied  by  tunnel  h,  which  cute  the  lower  red-ash  seams,  the  Mammoth  end  all  the  white-asli 
beds.  The  Folktisn  colliery  is  not  located  oo  the  section,  hat  the  tunnel  J,  apparently  under 
the  No.  4  colliery,  though  nearly  ooe  mile  east,  drains  the  slope  of  the  Folkton.  The  letters 
A,  B,  C,  D,  E,  F,  G,  denote  the  white-aeh  beds,  and  H,  I,  J  and  K  the  red-ssh  seams. 
THE  PEESTON  COAL  AND  IMPEOVKMENT  COMPANY. 
This  compaDj  was  incorporated  by  special  act  of  the  PennsjIvaTiia  Legislature, 
March  16th,  1864.  The  Preston  Estate  consists  of  2,500  acres  of  land,  of  wliich 
2,000  are  within  the  coal  measures,  and  in  the  centre  of  the  Mahanoy  Eegion  of  the 
middle  coal-field.  The  lands  of  thia  company  extend  across  the  field,  and  contain 
two  deep  and  extensive  basins  of  coal  to  the  west,  and  three  basins  to  the  east,  as 
above  represented.  All  the  coal-beds  of  this  region  exist  on  the  property,  and  all 
the  beds  of  the  Anthracite  coal-fields,  except  the  three  upper  ones  in  the  Pottsville 
district.  Our  section  presents  four  red-ash  seams,  the  two  Orchards,  the  Diamond 
or  Daddow,  and  the  Clinton,  with  an  aggregate  thickness  of  from  20  to  30  feet  of 
coal,  'i'he  white-ash  beds  are,  the  Mahanoy,  or  G,  12  feet  thick ;  the  Holmes,  F,  or 
"Seven  Feet,"  1  feet  thick;  the  Mammoth,  E,  from  25  to  30  feet;  the  Skidmore, 
D,  10  feet;  the  Buck  Mountain,  B,  16  feet,  and  two  small  seams,  C  and  A,  from  3 
to  5  feet  respectively.  The  aggregate  thickness  of  the  white-ash  beds  range  from 
■rO  to  80  feet,  and  the  total  thickness  ia  100  feet  of  available  coal  on  this  property. 

A  large  amount  of  this  coal  lies  above  water  level,  or  the  natural  drainage,  and 
this  advantage  has  been  made  available  by  the  company  ;  their  mines  are  all  drained 
by  gangways  and  tunnels,  thus  saving  a  large  expenditure  for  pumping  machinery, 
and  the  constant  expense  of  keeping  it  in  operation.  These  are  large  and  important 
items  in  mining  economy. 

There  are  now  fonr  collieries  on  the  Preston  Estate,  with  ample  room  for,  at  least, 
two  more.  Those  in  operation  are  named  and  described  in  connection  with  the  trans- 
verse section.    The  Preston  colliery.  No.  4,  ia  about  one  mile  west  of  the  Folkton, 
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OH  tlie  Uri-haid*"  (red-asl.)  Mahanoy,  Seven  Feet,  Mammoth 
beds  by  tunnel  in  the  Mahflnoy  mountain.  The  "  breasting" 
on  the  Mammoth  and  lower  seams  is  over  900  feet  on  the  face 
of  the  mountain  consequently  two  "  counter  levels"  will  be 
required  to  obtain  the  coal.  This  will  give  six  gangways  on 
each  coal  bed  or  eighteen  on  the  three  principal  seams,  while 
the  "run"  is  two  miles  east  and  west*  One  thousand  tons  of 
coal  per  day  can  be  obtained  from  this  colliery  with  ease,  and 
the  breaker  capacity  is  equal  to  the  mine  production.  The 
Preston,  No.  4  coal-breaker  is,  perhaps,  the  largest  one  in  ihe 
Anthracite  Regions  in  dimensions  or  capacity,  and  is  provided 
with  a  double  set  of  rolls  for  the  purpose  of  preparing  both 
white  and  red-ash  coal. 

The  construction  and  tlie  machinery  of  this  great  coal-pre- 
paring establishment  reflects  credit  on  the  company's  superin- 
tendent, Mr.  TCoerner,  and  the  mechanics,  Messrs.  Wren,  of 
the  Washington  iron  works,  Fottsviile. 

When  fully  developed,  this  colliery  is  capable  of  producing 
1,000  tons  of  coal  .per  day  from  above  water-level,  for  many 
years  to  come.  A.  glance  at  the  accompanying  sections  of  the 
three  principal  coal-beds,  G,  E  and  B,  will  be  sufficient  to  de- 
monstrate the  purity  of  the  coal  and  the  absence  of  slate  in 
the  seams.  O  is  frequently  found  12  feet  thick  in  one  solid 
bench  of  splendid  coal,  while  both  E  and  B  have  only  two 
small  partings  each.  The  coal  of  Mahanoy  region  is  generally 
excellent  in  quality  and  prepossessing  in  appearance;  and,  we 
may  state,  without  hesitation,  that  the  Preston  coals  are  equal 
to  the  best  "  Locust  Mountain"  or  Mahanoy  coal.  The  steam 
capacity  of  the  four  collieries  on  this  estate  is  only  370  horse- 
power, since  no  pumping  machinery  is  required,  yet  their  ca- 
pacity is  from  400,000  to  SOO.OOO  tons  per  annnm.  The  pro- 
duction during  1865  was  only  86,577  tons,  but  the  frequent 
suspensions  of  last  year,  and  the  inadequate  transportation, 
prevented  a  greater  tonnage.  Only  two  collieries,  the  Preston, 
Nos.  1  and  2,  and  the  Folkton,  for  a  short  time  only,  were  in 
operation.  The  No.  4  colliery  is  scarcely  yet  completed,  but 
will  be  ready  for  operation  for  the  Spring  business. 

The  facilities  for  transportation  from  these  collieries  to  the 
markets  are  equal  to  any  in  the  valley.  There  are  three  out- 
lets to  Philadelphia  now  open,  and  a  fourth,  to  New  Yoik.  in 
course  of  construction,  while  a  fifth,  to  both  Philadelphia  and 
New  York,  is  under  consideration.  We  may  say  in  a  word, 
that  the  Preston  Coal  and  Improvement  Company  cannot  fail 
to  be  one  of  the  most  successful  in  the  Anlhvacite  regions,  un- 
der careful  and  judicious  management. 

The  officers  and  directors  of  the  company  are  : 

president— Jios.  HENET  D.  MOOEB.  F«ce-Pres!'rfen(— GEO.  J.  FOEES'I'. 

SvcrHary  and  Treasurer— R.  P.  EUTTER. 

Directors — Hrsby  D.  Moore.  Wh.  Q.  Moorhead.  Geo.  J.  Forest. 

Wm,    IIUNTKK,  JlN.  J.   Hunts    (.'O.VRAD. 
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Wo.  S6, 

McNEAL  COAL  AND  IRON  00. 

Yatcsville  colliery,  on  thair  own  lands, 
about  600  acres,  on  Primrose,  Mammoth 
and  all  nnderlying  veins  -.  Threo  drifts, 
■  all  above  water  level;  steam-power,  50 
horse ;  capacity,  125,000  tons  per  annuir 
production  in  1865,  58,119  tflna. 

ITo.  27. 
COAL  RUN  COAL  COMPANY, 
frodnction  in  1865,  12,386  tons. 


lano  T^and  Company,  below  water  level, 
on  Buck  Mountain  vein  ;  Stcara-power, 
130  horse ;  production  in  1865 

Wo.  33, 

J.  &  0,  0.  BOWMAN. 
Delano  colliery,  oa  lands  of  Delano 
Land  Company,  above  water  level,  on 
Skidmore  vein  :  Steam-power,  20  horse ; 
capacity,  70,000  tons  per  annnm;  pro- 
duction in  1865,  34,268  tons. 


J.  &  E.  S.  SILLIMA.N". 
Prodnctiou  in  1865,  38.59,t  totts. 

No.  29. 
A.  LAWTON  &  CO. 
(Now  Glendon  Coal  Company.) 
Near  Mahanoj  City,  above  water  level, 
on    Mammoth    and    Skidmore :    Steam- 
power,  10  horse ;    production  in  1865, 
31,619  tons. 

H"o.  30. 

SHOEMAKER  &  CO. 
(Now  Mahanoj  Coal  Company.) 
Mammoth  colliery,  on  Delano  Land 
Company,  above  water  level,  on  Buck 
Mountain,  Gamma,  Skidmore,  Mammoth 
and  Primrose :  Steam-power,  25  horse 
capacity,  SO, 000  tons  per  annum;  pre 
duction  in  1865,  16,154  tons. 

Ho.  31. 

ALTER  &  FOCIIT. 
East  Mahatioy  collierj',  on  lands  of 
Delano  I-and  Company,  above  water 
level,  on  Buck  Mountain,  Gamma  and 
Skidmore :  Steam-power,  30  horse ;  ca- 
pacity, 75,000  tons  per  annum ;  produc- 
tion in  1865,  35,348  tons. 

Wo.  33. 

METER  &  1A.MAN. 
(Now  Mount  Etna  Coal  Company.) 
North  Mahanoj  colliery,  on  lands  of  De- 


SCHALL  &  DONAHOE. 
On  Big  Mine  Run,  Buck    Mountain 
vein:  Production  in  1865. 17,957  tons. 


BAST  i  PEARSON. 

Two  collieries  on  Big  Mine  Run  ;  One 
in  operation  in  1865,  on  Mammoth  and 
other  white-ash  veins ;  steam-power,  145 
horse  ;  capacity,  150,000  tons  per  annum; 
production  in  1865,  89,087  tons. 

{See  Locust  Mountain  Coal  and  Iron 
Company,  page  743.) 

Ho.  37. 
UNION  COAL  COMPANY. 
Formerly  Keystone  and  Tunnel  collier- 
ies. "  Tunnel,"  recently  disposed  of  to 
the  Schuylkill  Mntual  Coal  Company. 
For  full  report  of  the  Keystone  colliery 
see  No.  40,  Wyoming  Region;  Produc- 
tion, of  Tunnel  and  Keystone  collieries 
in  1B65,  87,337  tons. 


Wo.  39. 

REPPLIER  &  MOODIE. 
Locust  Run  colliery,  on  lands  of  Locust 
Mountain  Coal  and  Iron  Company,  Mam- 
moth and  other  white-ash  veins :  Steam- 
power,  230  horse ;  capacity,  125,000  tons 
per  annum ;  production  in  1865,  86,508 
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J.  n.  "W.  PAGE, 

Witliam  Wadleigli,  Ageni. 

Conner  &  Patterson's  old  colliery,  near 

Ashland,   on  Mammoth:   Prodnction    in 

!8C5,  20,100  tons. 

Mo.  41. 

JOHN  ANDKBSON  &  CO. 
Prodnction  in  1865,  36,332  tons. 

Wo.  42. 

R  GORBELL  &  CO. 
Hazel  Dell  colliery,  on  lands  of  Locust 
MouDtain  Coal  and  Iron  Company,  Mam- 
moth and  other  white-ash  veiuB ;  Steam- 
power.  185  horse ;  production  in  ISfio, 
86,311  tons. 

No.  43. 

J.  M.  FRROK  &  CO. 

Centralia  colliery,  on  lands  of  Locust 

Mountain  Coal  and  Iron  Company,  Mam- 

inoth  and  other    veins;     Prodnction   in 

1865,  68,438  tons. 


CONTINENTAL  COAL  COMPANY. 

(Formerly  Carter,  Shoener  &  Co.) 

New  operation  north  of  Locust  Eidgo 

and  east  of  Centralia,  now  in  conree  of 

development  on  lower  veins. 

Ho.  4e. 
S.  M.  HEATON  &  CO. 
On  Raven's  Bnn  :   New  colliery  no 
course  of  development. 


ISLACK    DIAMOND    COAL    AND 

IRON  COMPANY. 
Ijocnst  Summit  and  Locust  Creek  col- 
lieries, at  Locnat  Gap,  on  the  lands  of 
the  Locust  Summit  Improyement  Com- 
pany and  A.  Mclntire,  Esq.,  on  Mammoth 
and  other  white-ash  veins,  atove  and  be- 
below    water    level :     Steam-power.    100 


horse  ;  capacity,  100.000  tons  per  annum  ; 
production  in  186S,  55,402  tons. 

MAMMOTH  VEIN  CONSOLIDATED 
COAL  C.OMPANY. 
!  The  Mammotli  Vein  Consolidated  Coal 
Company  iiave  foar  collieries  in  the  Ma- 
hanoy  Region.  The  "  Mahanoy  Valley," 
above  the  planea ;  the  "  Locust  Mountain," 
near  Locust  Dale ;  the  '■  Locust  Gap"  and 
"A.  S.  Wolf,"  at  Locust  Gap  :  Produc- 
tion in  1865,  113,209  tons.  (For  further 
description  see  No.  8,  Schuylkill  Region.) 

LOCUST  MOUNTAIN  COAL  AND 
IRON  COMPANY.* 
This  company  own  4,000  acres  of  coal 
land,  but  are  not  miners  and  shippers  of 
coal.  They  lease  to  the  following  Ope- 
rators : 

R.  Gorreil  &  Co.,  Hazel  Dell  col- 
liery      86,651 

Bast  &  Pearson,  Big  Min  Bnn 
colliery 86,493 

BeppHer  &  Moodie,  Locust  Bun 

colliery 84,293 

J.  M.  Preck  &  Co.,  Centralia  col- 
liery     68,66"! 

William  Montelius,  Stuartsville 
colliery....' 23,231 

Mammoln  Vein  Central  Coal  Co. 
Locust  Mountain  colliery 17,662 

Total 366.99T 

Steam-power,  20  engines ;  935  horse. 
Wo.  48. 
LEE.  GRANT  &  00. 
Above  Shenandoah  City,  in  the  south 
or    inverted    Shenandoah    basin,   above 
water   level,   on    Buck    Mountain  vein ; 
New  colliery,  now  in  course  of  develop- 
ment; production  in  1865,  4,168  tons. 

No.  49. 
J.  B,  REBEB  &  Cd 
Near  Shenandoah  City,  in  North  Shen- 
andoah basin ;    New  colliery  in  course  of 
development;   production  in  1865,  2,185 
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PIONEER  COl.LXERV,  No.  38. 


BANCROKT,  LEWIS  &  CO. 

We  give  above  an  Qlnstratinii  of  the  Pioneer  Colliery.  The  engraving  does  not 
Jo  jnstice  to  the  pictnresquo  effect  of  this  large  mining  establishment,  situated,  as  ii 
is,  on  the  face  of  a  hill  that  may  almost  be  termed  a  mountain  ;  with  its  machinery 
and  buildings  elevated  several  hundred  feet,  the  railroati  at  the  shntes. 

I»  operation,  the  whole  scene  is  animated,  and  presents  a  business-like  appear- 


A  large  amount  of  coal  has  been  annually  sent  from  these  mines  since  the  first 
development  of  the  Maltanoy  region ;  and,  as  the  name  signifies,  this  is  the  pioneer 
colliery  of  that  now  famous  and  produetive  vallc}'.  Most  of  the  coal  from  this  cele- 
brated colliery  has  been  mined  from  above  water  level,  and  much  still  remains 
to  be  mined  by  drift,  with  the  immense  bed  of  the  30  feet  Mammoth,  almost  un- 
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fouched  below  water-level.  The  first  "  lift  "  of  HO  j'ar<5s  has  only  jct  been  sunk, 
leaving  four  or  five  lifts — or  perhaps  more— of  eqaal  depth,  still  to  be  opened. 

There  are,  at  present,  in  operation  one  slope  and  two  drift  above  water-level.  Tile 
steam  machinery  of  this  colliery  consists  of  one  Cornish  pum ping-engine  of  500 
horse-power;  one  engine,  of  100  horse-power,  for  hoisting  coal  from  below  water- 
level  i  one  plane.engioe,  of  30  horse-power,  for  hoisting  coal  from  the  lower  drift : 
one  plane-engine,  of  40  horse-power  for  hoisting  dirt  up  a,  plane  of  SOO  feet  long,  at 
aa  angle  of  3{P ;  one  fan-engine,  of  10  horse-power,  for  ventilating  purposes,  and 
one  of  10  horse-power,  for  supplying  the  boilers  with  water ;  with  one  breaker- 
engine,  of  30  horse-power.    The  whole  steam-power  aggregating  7(iO  horse-power. 

A  novel  arrangement  is  used  at  this  colliery  for  hoisting  coal  in  the  slope  which 
answers  an  admirable  purpose  as  a  self-acting  dump,  and  dispenses  with  the  heavy 
cages  now  generally  made  use  of.  For  deep  and  sleep  slopes,  and  for  shafts,  the 
principle  here  adopted,  cannot  fail  to  act  with  great  economy,  in  saving  both  time 
and  power.  Mine  cars  cannot  be  brought  up  steep  slopes  and  shafts,  except  ou 
cages,  which  are  generally  very  heavy.  This  arrangement  consists  of  a  peculiar  car 
constructed  to  operate  in  the  slope,  and  receives  the  coal  from  the  mine  cars  lit  the 
bottom  of  the  slope.  At  the  top  the  coal  is  discharged  automatically,  and  the  car 
is  ready  to  return  without  loss  of  time.  We  understand  this  improvement  has  been 
patented  by  Jos.  W.  Bancroft,  Esq.  -, 

The  capacity  of  this  colliery  has  been  stated  at  750  tons  per  day.  but  the  facilities 
for  transportation  have  never  been  equal  to  the  production.  During  1864,  56,000 
tons  were  shipped,  and  in  1865,  63,000  tons.  The  coal  produced  enjoys  a  high 
reputation  in  market,  and  from  the  character  of  the  Mammoth,  and  the  style  of  the 
improvements,  we  should  judge  that  the  coal  may  bo  mined  with  much  economy. 


THE  ASHLAND  ESTATE. 

The  Ashland  Estate,  belonging  to  the  Messrs.  Brock,  Grant,  and  others,  covers  a 
large  tract  of  valuable  coal  lands  in  the  vicinity  of  Ashland.  The  Pionekh,  Tunnel. 
Keystone,  and  ■'  Page's  Locust  Run"  collieries  are  on  this  Estate,  The  total  pro- 
duction of  this  Estate  in  1865  was  170,124  tons. 
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LOCUSTDALE*  COAL  COMPANY. 


LO0I7STDAI.B. 


The  above  transverse  section  represents  the  coal  basins  in  the  vicinity  of  Locust- 
dale.  The  property  owned  by  the  Locnstdale  Ooal  Company  extends  from  the 
centre  of  the  deep  left  basin  to,  and  inclusive  of,  the  middle  basins  on  the  right  of 
the  Bear  ridge,  anticlinal.  It  will  be  noticed  that  all  the  important  coal  seams  of  the 
anthracite  fields  are  here  represented,  from  A,  in  the  conglomerate,  to  and  inclusive 
of  H  and  I,  or  the  Orchards,  with  an  aggregate  thickness  of  from  100  to  125  feet  of 
available  coal. 

The  position  or  conformation  of  these  deep  and  extensive  basins  of  coal  are  ex- 
tremely favorable  for  mining  operations,  since  all  the  coal  on  the  property  can  be 
obtained,  if  desirable,  through  oae  slope,  sunk—as  the  present  one  is  on  the  Mam- 
moth—by tunnels  north  and  south.  The  south  dip  of  the  coal  beds  in  the  deep 
basin,  on  the  left,  range  from  45°  to  70° ;  consequently  the  tunnel  distance  from 
seam  to  seam  will  be  limited — the  tunnel  distance  decreases  as  the  dips  increase  and 
vice  versa.  It  will  also  be  noticed  that  the  north  dips  of  the  seams  are  inverted  in 
the  middle  basins  and  pitch  in  conformity,  nearly,  with  the  south  dips ;  this  naturally 
decreases  the  tunnel  distance  from  one  basin  to  the  other  and  tenders  the  coal  in 
the  middle  basin  available  to  the  present  slope  on  the  Mammoth. 

The  estate  of  the  Locuatdale  Ooal  Company  embraces  1243  acres  of  coal  land, 
running  east  and  west  on  the  south  and  middle  basins,  as  before  described.  The 
"  run"  of  the  gangways  on  the  seams  may  be  nearly  three  miles^fthat  is,  the  "  run" 
OQ  the  "  strike"  of  the  veins,  in  mming  phrase)— and  the  plane  of  the  coal,  descending 
to  the  centre  of  the  deep  basin,  is  supposed  to  be  from  2000  to  2400  feet  in  length, 
requiring   six   to   eight  lifts  of  300    feet  each    below    water  level,  to   reach   the 


bottom  of  the  basin.  We  may  safely  calculate  that  the  company  has  oi 
mile,  or  640  acres,  of  available  coal  on  the  plane  or  area  of  the  seams  in 
basin  a'one,  exclusive  of  a  large  amount  in  the  middle  basin. 

At  100  feet  thickness,  this  should  yield,  by  careful  mining,  150,000  tons 
or  nearly  100,000,000  tons  to  the  square  mile.     There  is,  therefore,  ample 


e  square 
the  deep 
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an  abondaiice  of  coal  for  several  extensive  collieries  on  this  magnificent  coal  prop- 
erty, the  value  of  which  cannot  now  be  properlj  appreciated. 

The  accompanying  vertical  section  illustrates  the  number,  thickness  and  relative 
position  of  the  coal-beds  in  the  southern  or  deep  basin.  There  are  ten  workable 
seams  proved,  two  of  these,  T  and  H,  or  the  Orchards,  are  red 
ash,  and  in  all  probability  a  portion  of  B,  or  the  Buck  moun- 
tain, is  also  red-ash ;  while  the  seams  below  it  are  of  that  color, 
but  the  coal  partakes  of  the  white-ash  variety  in  character 
and  appearance.  The  primrose,  or  G,  is  known  in  this  region 
as  the  "  ilahanoy  Vein ;"  it  is  generally  a  fine  whit«-ash  bed, 
and  is  here  in  its  best  condition.  The  Holmes,  or  P,  is  here 
known  as  the  "  seven  foot ;"  a  tunnel  has  been  driven  to  it  from 
the  Mammoth,  and  is  continued  to  the  Mahanoy,  G.  The 
Mammoth  itself,  as  shown  by  the  section  on  the  next  page,  is 
a  splendid  bed,  twenty-live  to  thirty-five  feet  in  thickness, 
almost  pure  coal ;  and  is,  perhaps,  more  productive  than  this 
at  many  points,  where  it  is  fonnd  in  excessive  enlargements. 
The  dip  of  this  seam,  its  purity  from  slate,  and  the  solid 
character  of  the  ■'  roof  "  or  top  slate,  render  it  available  to  the 
most  economical  mode  of  mining  that  can  be  practiced — tlial 
known  as  "  runs."  In  this  mode,  enotigh  of  the  broken,  or 
loose  coal,  remains  in  the  "breast"  to  keep  it  fall  and  the 
miners  up  to  their  work ;  but  as  the  excavated  coal  requires 
more  than  its  original  space,  when  in  the  solid,  about  one-half 
ol"  the  coal  "  cnt"  by  the  miners  is  drawn  from  the  "  breast," 
as  the  work  progresses  upwards.  Thus,  when  the  miners  have 
finished  their  work  in  a  breast,  it  will  still  remain  full  of  coal, 
and  six  mouths  or  a  ypar  may  be  required  to  draw  it;  since 
each  breast  contains  10,000  cubic  yards  of  space,  and  produces 
about  10,000  tons  of  coal  altogether  'I'he  advantages  of  this 
mode  of  minmg  are,  economy  m  production,  and  regularity 
in  work.  The  mine  always  contains  readj  coal  enough  to 
keep  everything  in  active  opeiation,  (hough  the  miners  may 
remain  idle  for  months;  it  ties  estimated  at  one  time  that 
from  80,000  to  100,000  tons  of  coal  were  mined  m  the  breast  , 
there  ate,  however,  but  few  loc  ihties  whi-re  this  modt  can  be 
successfully  made  use  of. 


riie  Skidmtre  D,  Gamna,  0,  and  IJuck  mountain,  B,  arc 
ill  giDd  workable  seams  ;  the  latter  being  sixteen  feet  in 
thickness  and  is  a  magnificent  bed  of  coal,  almost  equal  to 
the  Mammoth 

The  Locustddle  colliery  may  be  considered  a  model  estab- 
lishment since  t  was  the  first  in  which  the  Pan  Yentiiation 
was  adopted,  and  the  first  to  adopt  machinery  and  improve- 
ments to  render  a  single  slope  capable  of  producing  1,000  tons 
of  coal  per  ton.  Such  an  enormous  capacity  would  have  been 
thought  impossible  a  few  years  ago,  and  even  now,  we  find 
many  who  doubt  the  possibility  of  its  accomplishment. 
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But  there  are  now  several  other  slopes  in  course  of  developmeDt  which  will  be 
ahove  this  capacity.  For  instance,  we  may  name  the  New  Boston  slope.  Much 
mechanical  ingenuity  and  engineering  skill  are  displayed  at  this  Fi^nrs  sm. 

colliery,  not  only  in  the  general  plan  and  development  of  the 
mines,  but  particularly  in  the  automatic  regularity  with  which  the 
heavy  mine  cars  are  drawn  up  a  distance  of  six  hundred  feet  and 
shot  off  to  the  "dump,"  at  the  rate  of  one  every  two  minutes,  with- 
out manual  exertion.  One  thousand  tons  of  coal  can  tlins  be 
raised  readily  in  ten  hours. 

There  are  two  coal  breakers  at  this  colliery,  which  are  fully 
capable  of  preparing  the  productions  of  the  mine.'i.  The  general 
present  capacity  of  the  colliery  may  be  safely  put  down  at  750 
tons  per  day,  which  may,  however,  be  increased  to  1,000  tons, 
with  adequate  transportation  from  the  mines  to  the  markets. 
During  1865  only  82,709  tons  were  produced,  but  the  mines  were 
nearly  half  the  time  idle  and  never  worked  beyond  half  their  capa- 
city, on  account  of  the  frequent  suspensions  and  the  want  of  cars 
on  the  leading  lines. 

The  steam  capacity  for  pnmping  water,  hoisting  and  preparing 
coal,  and  other  purposes,  is  about  600  horse  power,  and  fully 
equal  to  the  wants  of  the  mines.  The  ventilation  is  produced 
by  an  exhausting  fan,  first  erected  at  this  colliery,  by  J.  Louden 
Beadle,  the  company's  genera!  snperin  ten  dent,  in  1857,  on  the  tr  tocneTDALE. 
strength  of  experiments  previously  instituted,  and  which  has  been  in  successful 
operation  ever  since.  This  is  believed  to  be  the  first  practical  application  of  the 
suction  fan  to  mine  veutilation,  and  the  inventor — Mr.  Beadle — has  been  granted  a 
patent  on  its  use.  This  mode  of  TentJlation  is  perfect.  It  will  keep  the  deepest, 
most  extensive  and  gaseous  mines,  free  from  fire-gas  and  noxious  vapors,  and  m 
perfect  safety,  as  far  as  danger  from  gaaes  are  concerned,  provided  the  air  courses 
are  properly  constructed,  which  is  essential  in  all  mining  operations.  The  system  of 
fan  ventilation  now  in  use  has  been  copied  from  Locustdale. 

In  view  of  the  many  advantages  possessed  bj  the  Locustdale  Coal  Company,  in 
the  extent  and  character  of  their  coal  lands;  the  number  and  size  of  their  coal-beds ; 
the  great  aggregate  thickness  of  available  coal ;  the  favorable  position  of  both  seams 
and  basins  for  mining  operations,  and  the  improvement,  capacity  and  perfection  of 
their  mining  machinery,  their  lands  and  mines  may  be  classed  among  the  very  best 
in  the  Anthracite  regions,  and  second  to  none  in  value,  availability  and  economy. 
Of  the  characters  of  the  coal,  we  need  only  say  there  is  no  better. 

The  officers  and  directors  of  the  Locustdale  Coal  Company  are: 


President, 
GEOEGR  H.  POTTS. 


Treasurer, 
FRANCIS  JAQUES. 


Secretary, 
THEODOEB  D.  EMOEY. 


Directors, 
George  H.  Pons,  J-  Wit.ky  Edmuuds, 

George  B.  Uptok,  Addison  Child, 

S.  Bndicott  Peabodv. 
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CAEBONDALE  DISTRICT. 

N08.  t,  3  4ND  S  ON  MiP. 

IIELAWARE  AND  HUDSON  UANAL  COMPANY. 
Including  the  Company's  LeESCCS  and  Contractors, 


President GEORGE  TALBOT  OLYPTIANT....Ne«- York. 

Secretary JAMES  C.  HARTT 

Treasmer J.  N.  SEYMOUR 

General  Superintendent .  .THOMAS  DICKSON Scranton,  Pa. 

S-up't  Coal  Department..  .B.  W.  WESTON Providence,  Pa. 

"      Railroad     "         ...E.  MANTILLE Carbondale,  Pa. 

••      Canal  "        . ,  .0.  F.  YOUNG Honesdale,  Pa. 

PEODUOTION  OF  MINES  FOR  1864. 

Coropaoy'B  Mines S50,000 

Contractors'  Mines 230,000  ....      850,000 

Average  capacity  at  Mines  of  Company  and  Contractors, 

and  Eailroad  Transportation 1,000,000 

Average  capacity  at  Mines  of  Company  and  Contractors, 

and  Canal  Traneportation 2,000,000 

MACHINERY. 

Eight  Hoisting  Engines  and  two  Water  Wheels,  aggregate  Horae-power— say  410 

Four  Pumping  Engines  and  sis  "  "  "  "  430 

Sii  Breaker  Engines,  aggregate  Horse-power "  SS.") 

Total  Horse-power 1,105 

Engines  bnllt  by  Dlokaon  M&nufBoturlDg  Corapanr  of  Beranton— othat  maohinory  hj  Dfllaware  hdiI 

32  miles  inside  mining  track;  2  miiea  outside  mining  track;  15  loaded  track 
places.  100  horse-power  each;  Slight  track  planes,  75  horse-power  each ;  4  gravity 
track  planes ;  4  locomotives ;  58  miles  gravity  track  ;  G  miles  locomotive  track  ; 
108  miles  of  canai ;  2,000  coal  cars  and  500  boats. 
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PRODUCTION  IN  18G5. 


Statement  of  the  amonot  of  Goal  mined  and  forwarded  on  the  Railroad  of  this  Com- 
pany for  the  year  ending  December  15th,  1865,  with  the  sources  whence  received,; 


(,!arbondalc,  Dii!  aware  a 
Olyphant, 
Providence,         " 


id  Hudson  Cana!  Company's  Min 


,   134,589 


Rushdale,  John  JerOiyn 65,171 

Archbald,  Eaton  &  Go 81,781 

Archbald,  Boston  and  Lackawanna  Coal  Company 63,488 

Dickson,  Ellf  Hill  Coal  Company 36.480 


Decrease  in  ISGS. . 


E.  W.  WESTON,  Supmntenderd. 


PEODUOTION  OP  COAL  FEE  CAPITA. 

Throngh  the  kindness  of  E.  W.  "Weston,  Esq.,  Superintendent  of  the  Coal  Depart- 
raent,  we  give  the  statistics  of  this  Company's  production  for  the  Month  of  May, 
18G5,  showing  the  production  per  hand,  inside  and  outside. 


Del.  and  Hndson  Co.'s  Mii 
Contractors  and  Lessees. . 

Total 


634    131    108 


I   1331    9t0    10I,15fi 


Showing  an  average  production  of  about  500  tons  per  annum  to  each  hand  em- 
ployed, inside  and  outside. 

This  production,  however,  will  not  hold  good  tlirough  the  year,  since  much  less  is 
done  in  the  winter  months.  The  production  of  the  Lackawanna  and  Wyoming 
Region  per  capita  per  annum  was  260  tons  in  1865,  and  the  entire  Anthracite 
Regions  256  tons,  but  a  great  portion  of  the  time  the  mines  wftre  idle  on  account  of 
strikes,  &c.    About  300  tons  per  capita  per  annum  is  the  average  usual  production. 
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LACKAWANNA  BKGION. 


ELK  hjl;,  coal  company. 

Eik  Hill  colliery,  at  Dickson,  in  Blakely 
township,  on  lands  owned  by  Central  Coal 
Company,  on  Primrose,  above  water 
level :  Steam-power,  30  horse  breaker ; 
average  capacity,  '70,000  tona  per  annum ; 
prodnction  in  1865,  36,480  tons. 

SCRANTON  DISTRICT. 


SUSQUEHANNA    AND  WYOMIXC. 

VALLEY  EAILEOAD  AND  COAL 

COMPANY. 

Two  collieries  below  Scranton,  above 
wat«r  level,  coal  seams  not  identified ; 
Steam-power,  115  horse ;  capacity,  100,000 
tons  per  annum ;  production  in  1865, 
;)6,44,'i  tons. 


; 


HUNT,  DAVIS  &  CO. 
(Hot/  Eoaring  Brook  Coal  Company.) 
Roaring  Brook  mines,  near  Scranton, 
above   water  level,  on   Buck    Mountain, 
Gamma  and  Skidmore,  (H,  I,  K,  Scranton 
nomenclature:)  Steam-power.  20  horf 
capacity,  about  25,000  tons  per  annum;] 
production  in  1865,  11,814  tons- 

Wo.  6. 

DELAWARE,  LACKAWANNA  AND 
WESTERN  RAILROAD  00. 
Ten  collieries  near  Scranton,  (not  in- 
eluding  two  near  Plymouth,)  on  Mam- 
moth, Primrose  and  Diamond,  (O,  E  and 
D,  Scranton  nomenclature,)  below  water 
level ;  Steam-power,  600  horse ;  capacity, 
about,  800,000  tons  per  annum ;  produc- 
tion in  1864,  652,000  tons,  including  Bos- 
ton and  Jersey  mines  at  Plymouth;  in 
1865,  579,615  tons. 

i 

No,  7.  i 

LACKAWANNA  IRON  AND  COAL  j 
COMPANY. 
Pine  Brook  and  other  mines,  above 
water  level,  near  Scranton,  on  Bnck 
Mountain  and  Oamma,  (K,  I :)  Capacity, 
200,000  tons  per  annum ;  use  all  the  lump 
and  large  sizes  of  coal  at  their  fariiaccs 
and  rolling  mills. 


MYRA  J.  CLARK. 
■'  Judson  Clark's   mines,"  near   Provi- 
dence, below   water  level,  on   Mammoth 
and   Skidmore,    (H   and    0,  :)     Capacity, 
50,000  tons  per  annum. 

Wo.  10. 

S.  T.  SCRANTON  &  CO. 
Oxford  Mines,  Hyde  Park,  below  water 
level,  on  Primroae,  (B,  Scranton  nomen- 
clature :)  Capacity,  100,000  tons  per  aii- 

H"o.  11. 

MOUNT  PLEASANT  COAL  CO. 

"Howell's  mines,"  Hyde  Park,  below 
water  level,  on  Primrose,  or  Scranton,  B, 
vein :  Steam-power,  85  horse ;  capacity, 
100,000  tons  per  anuum. 

Wo.  12. 

A.  S,  WASHBURN. 

Above  water  level,  for  home  coiisump- 


No.  13. 

PIIINNEY  &  SOIIOTT. 

Greenwood     mines,    below     Scranton. 

above  water  level :  Capacity,  80.000  tons 
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WYOMING  REGION. 


PITTSTON  DISTRICT. 
PENNSYLVANIA  COAL  CO. 
Thirteen  collieries  near  Pitteton,  below 
water  leyel,  on  Mammoth  vein :    Steam- 
power,  870  horae;    production  in   1864, 
759,544;  in  1865,  577,482  tons, 

No.  'IB}4. 
GEOVE  BEOTHEKS. 
Ahove  Pittston,  drift  on  lower  veins : 
Production  in  1865,  15,723  tons. 


HANCOCK  &  FOLEY, 
(Now  Spearing,  Foley  &  Curtis.) 
Rough  and  Readj  colliery,  above  Pitts- 
ton,  on  Mammotli  vein,  below  water  level : 
Steam-power,  60  horse  ;  capacity,  30,000 
tona  per  annum;  produotion  in  1865, 
12,585  tona. 

No.  16. 
MEECUR  &  CO. 

Thompkm's  Shaft  colliery,  below  Pitts- 
ton,  on  Mammoth,  below  water  level 
Steam-power,  95  horse ;  capacity,  50,000 
tona  per  annnm- 

Twin  shaft  colliery,  above  Pittston, 
Mammoth,  below  water  level :  Stei 
power,  35  horse;  capacity,  40,000  ti 
per  annum;   production  in  1865,  70.326 

Ko.  17, 
JAMBS  FEEELAND. 
In  Pittston,  above  water  level. 


DAVID  MORGAN. 

Three  collieries :  Morgan  colliery,  three 

quarters  of  a  mile  from  Kingston  Depot. 

below    water    level-    Steam-power,   105 

horse;  capacity,  50,000  tons  per 


Columbia  colliery,  in  Pittston  town 
hip,  three  quarters  of  a  mile  from  the 
_,.  &  B.  E.  R.  Depot,  above  water  level : 
Steam-power,  40  horse ;  capacity,  40,000 
tons  per  annum. 

Beaver  colliery,  in  Pittston,  above  and 
below  water  level:  Steam-power,  40  horse ; 
capacity,  30,000  tons  per  aunum;  pro- 
duction in  1865,  27,499  tons. 

No,  19. 

MERCXJE  &  FEISBIE. 
Three  collieries :   Eagle  Shaft  colliery, 
Seneca  colliery,  Eavine  colliery,  in  Pitts- 
ton, below    water  level,  on    Mammoth : 
m-power,  181  horse ;  capacity,  100,000 
per    annum ;    production   in   1865, 
26,300  tona. 

No.  20. 

BUTLER  COAL  COMPANY. 
Butler  colliery,  in  Pjttston  township, 
on  lands  of  Butler  Coal  Company,  below 
water  level,  on  Mammoth  vein :  Steam- 
power,  70  horse  ;  capacity,  50,000  tons 
per  annum  ;   production  in  1865,  22,040 

No.  21. 

MAEYLAND  ANTHRACITE  COAL 
COMPANY. 
Old  Benedict  and  Alton  mines,  near 
Pittaton,  above  and  below  water  level,  on 
Mammoth:  Steam-power,  15  horse;  ca- 
pacity,  30,000  tons. 

No.  23. 
ABEAM  PEICB. 
Price's  colliery,  Pittston,  Pa.,  on  land 
of  A.  Price,  above  water  level,  on  Mam- 
moth vein:   Capacity,  20,000  tons  per  an- 
num ;  production  in  1865,  11,437  tons. 

No,  23. 

EVBEHAET  COAL  COMPANY. 

Everhart  colliery,  near  Pittston,  on 
land  of  Everhart  Coal  Company,  above 
water  level,  on'  Buck  Mountain  vein : 
New  concern  in  course  of  development 
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THE  "UNION  COAL  COMPANY. 
'ITiis  compauy  own  2,000  acres  of  land,  1,000  of  which  is  richly  underlaid  with 
coal,  and  1,000  is  covered  with  valuable  timber.  Tliey  operate  three  extensivu 
collieries;  the  "Keystone,"  at  or  near  Locustdale,  in  the  Mahanoy  Begion;  the 
"  Chaancey,"  near  Plymouth,  and  a  new  colliery,  in  course  of  development,  new 
Wilkesbarre,  in  the  Wyoming  Eegion.  The  "'I'unnel  colHery''  was  formerly  owned 
and  worked  by  the  same  company,  but  it  hun  recently  been  disposed  of  to  the 
Schuylkill  Mutual  Coal  Company. 

THE  KEYSTONE  COTJJEEY 
ie  on  the  north  dip  of  the  Locustdale  basin,  and  on  the  same  coal-beds  which  are 
worked  by  the  Locustdale  Coal  Company  on  their  south  dips.  The  character  and 
extent  of  this  basin  will  be  found  fully  discussed  in  the  body  of  this  book,  in  the 
general  description  of  the  Mahanoy  Eegion— the  application  is  as  pertinent  to  the 
Keystone  as  to  the  Locustdale  colliery. 

The  present  operations  at  this  colliery  are  above  water  level,  by  two  drifts  on  the 
Mammoth,  or  a  water  level  gangway  and  a  counter  level  on  the  upper  range  of 
breasts.  The  height  of  ■'  breasting,"  which  ranges  from  150  to  200  yards,  is  too 
great  to  be  worked  by  a  single  range  of  breasts,  therefore  they  are  divided  into 
the  upper  and  lower  levels.  The  "ran"  is  one  mile  west,  above  the  natural 
drainage,  and  one  mile  west  and  900  yards  east,  below,  on  the  Mammoth;  but  on  the 
underlying  seams,  the  Skidmore,  Buck  Mountain,  &c,,  the  "  run"  ia  2,660  yards  east 

It  is  claimed  that  coal  enough  remains  above  water  level,  in  this  colliery,  to  last 
for  ten  years,  with  an  average  prodnctiou  of  500  tons  per  day,  while  the 
quantity  below  water  level,  to  the  centre  of  the  basin,  is  immense.    The  calculation 
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of  the  prodaction  may  be  approximately  made,  by  adopting  the  angles  and  meaBnre- 
ments  given  in  figure  58,  page  210,  while  the  number  and  relative  position  and  thick- 
ness of  the  coal-beds  are  given  in  figure  59,  page  212. 

The  present  capacity  of  the  Keystone  colliery  is  about  500  tons  per  day.  It  is 
estimated,  however,  that  1,000  tons  per  day  can  be  produced  from  this  single  col- 
liery, by  operatiog  both  above  and  below  water  level,  and  we  have  no  doubt  of  the 
fact.  The  eteam  capacity  is  170  horse-power.  The  character  of  the  coal  is  well 
established,  and  enjoys  a  high  reputation.  J.  Londen  Beadle's  exhaust  fan  is  used 
and  the  ventilation  of  the  mines  is  perfect. 


THE  OHAUNCEY  COLLIERY. 

This  colliery  is  located  near  Plymouth,  in  the  Wyoming  Region.     It  is  on  the 

Grand  Tunnel,  or  Buck  Mountain  bed.  which  is  here  a  fine  seam  of  twcnty-Sve  feet 

thickness.    The  mines  consist  of  both  slope  and  shaft ;  the  steam-power  is  100  horse, 

and  the  capacity  of  the  colliery  abont  50,000  tons  per  annum. 

NEW  COLLIERY  AT  TUB  WILCOX  OPENING. 

This  colliery  is  located  on  Mill  Creek,  a  short  distance  east  of  Wilkesbarre,  on  a 
large  coal  estate  recently  purchased  by  the  Union  Coal  Company.  From  a  late 
examination,  we  conclude  all  the  seams  from  G  to  A  to  exist  on  this  property.  A 
slope  has  been  sunk  on  a  fourteen  feet  bed,  which  is  supposed  to  be  identical  with 
the  celebrated  Baltimore  bed,  or  the  Mammoth,  while  an  overlymg  seam  of  nine 
feet,  only  separated  by  twenty  feet  of  slate,  appears  to  be  a  "  split"  of  the  same. 

The  slope  is  350  yards  in  length,  on  an  angle  of  eight  degrees.  This  distance  is 
divided  into  four  lifts  of  about  250  feet  each,  with  eight  gangways,  on  the  Baltimore 
bed,  and  an  equal  number,  if  so  desired,  on  the  upper  seam,  connected  by  tunnels 
with  the  slope.  These  four  lifts,  in  the  same  slope,  are  operated  at  the  same  time 
by  a  new  and  peculiar  arrangement.  A  train  of  six  mine  cars,  of  abont  two  tons 
each,  are  drawn  up  at  once,  so  that  twelve  tons  of  coal  will  be  hoiBt«d  in  the  same 
length  of  time  required  to  lift  a  single  car  the  same  distance  by  the  old  and 
generally  used  plan. 

This  colliery  is  designed  and  erected  with  the  intention  and  for  the  purpose  of 
mining  and  shipping  1,000  tons  of  coal  per  day,  which  can  easily  be  done  from  this 
one  slope ;  but  should  a  larger  production  be  required,  there  is  ample  room  on  the 
property  for  several  collieries  of  equal  proportion,  while  a  shaft  will  be  rcqnired  to 
develope  the  deeper  coal  of  the  underlying  seams  at  this  colliery.  The  steam-power 
is  260  horse,  and  the  breaker  capacity  calculated  to  meet  the  productions  of  the  mine. 

Of  the  character  of  this  coal  we  need  not  speak,  since  the  Baltimore  coal-bed,  in 
the  vicinity  of  Wilkebarre,  has  long  been  celebrated  for  the  production  of  the  most 
excellent  coal,  which  is  equal  to  any  that  goes  to  market,  without  exception. 

The  officers  and  directors  of  the  Union  Coal  Company  are  : 


WM.  MACPARLANE. 

Directors, 
.  QUINTABD,  H.  T.  LIVINGSTON, 

""-  -""---  JOSEPH  E.  8KIDM0RE, 

H.  H.  FiSBBB,  SeTieral  Ageal. 
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No.  34. 

T.  &  W.  LEYSHON. 
Bowkley  &  Leyshon's  mines,  near  Pitta- 
ton,  above   and  below  water  level,  on 
Primrose   and   Mamciotli  r    Steam-power 
20  horse. 

WILKESBARRB  DISTRICT. 


WYOMING    COAL   AND    TEANS- 
POETATION  COMPANY. 

Burrongh's  colliery,  three  miles  north 
of  Wilkesbarre,  below  water  level,  on 
Mammotli  vein  ;  Steam-power,  10  horse ; 
capacity,  75,000  tons  per  annum ;  produc- 
tion in  186S,  36,051  tons. 


H. 


No.  20. 
3.  HiLLMAN. 


Hillman's  mines,  on  HoUenback's  land, 
above  Wilkesbarre,  above  water  level,  on. 
Primrose  vein  :  Production  in  1865,  7,408 


BALTIMOEE  COAL  COMPANY. 

Three  collieries,  on  Mammoth  vein, 
above  and  below  water  level,  near  Wilkes- 
barre :  Steam-power,  400  horse ;  capacity, 
1,000  tons  per  day;  production  in  1864, 
133,953  tons  ;  in  1865,  128,575  tons. 


CONSOLIDATED  COAL  COMPANY. 
(Now  Wilksbarre  Coal  and  Iron  Co.) 
Seven  collieries,  near  Wilkesbarre,  on 
Buck  Mountain,  Mammoth  and  Orchard 
veins,  above  and  below  water  level : 
Steam-power,  815  horse ;  capacity,  500,000 
tons  per  annum ;  production  in  1864, 
226,012  tons;  in  1865,  225,154  tons, 
(Ijee's  colliery,  at  Nanticolce,  is  leased  by 
this  company,  and  is  the  only  one  on  the 
Buck  Mountain  bed.) 


AUDENRIED  COAL  &  IMPEOVE- 
MENT  COMPANY. 
Audeuried  colliery,  near  Wilkesbarre, 
below  water  level,  on  Mammoth,  &c. : 
Steam-power,  200  horse ;  capacity,  50,000 
tons  per  annum;  production  in  1864, 
15,703  tons ;  in  1865,  33,405  tons. 

No.  30. 

FEANKLIN  COAL  COMPANY. 

Old  Wilkesbarre  Coal  Company,  neat 
Wilkesbarre,  below  water  level,  on  Mam- 
moth vein  :  Steam-power,  200  faotse ;  ca- 
pacity, 50,000 ;  production  in  1864,  29,333 
tons  I  in  1865,  41,942  tons. 

No.  31. 

LANDMESSEE  &  CO. 

Colliery  near  Wilkesbarre,  below  water 

level,  on  Mammoth  vein :    Production, 


Colliery  near  Wilkesbarre,  below  water 
level,  on  Mammoth  and  Primrose  veins  : 
Steam-power,  136  horse ;  capacity,  400 
tons  per  day  ;  production  in  1864,  20,896 
tons ;  m  1865,  31,859  tons. 


NEWPORT  COAT-  COMPANY. 
New  concern ;  Not  developed ;  in  lower 


UNION  COAL  COMPANY. 
New  mines  on  Mill  Greek,  south-east 
of  Wilkesbarre;  Slope  on  Mammoth,  not 
yet  complete.  (For  further  information 
in  regard  to  these  mines,  see  No.  37,  Ma- 
hanoy  Region,  and  a  special  description, 
on  another  page.) 


ab,Google 


DESCRIPTION  OF  MINES, 


WYOMING  REGION. 


PLTMOTJTH  DISTRICT. 

KINGSTON  COAL  COMPANY, 
Near    Kingston,    below    water   level, 

(mines  full  of  water  at  time  of  visit:) 

Steam-power,  115  horse. 

Ho.  6— See  Map. 

DELAWARE,  LACKAWANNA  AND 

WESTERN  RAILEOAD  OOt 

Boston   mines,  near   Plymouth,  above 

1  Mammoth  vein  :    Steani- 

■se  ;  capacity,  100,000  tons 


water  level,  < 
power,  30  he 


Jersey  mines,  above  water  level,  c 
Buck  Mountain  vein:  Capacity,  50,OC 
tons  per  annum. 


SHAWNEE  COAL  COMPANY. 

Shawnee  mines,  near  Plymouth,  above 
water  level,  on  Mammoth  vein :  Capacity, 
100,000  tons  per  annum ;  production  in 
1865,  27,296  tons. 

Nob.  36  and  38. 
J.  LANGDON  &  00. 
(Now  H.  S.  Mbbcub  &  Co,) 
Sweatland  Colliery  and  Oaylord  mines, 
both  below  water  level,  on  Mammoth  and 
Primrose  veins  :  Steam-power,  186  horse ; 
eapacityl  100,000  tons  per  annum ;  pro- 
duction in  1865,  39,911  tons. 

No.  30. 

WASHINGTON  COAL  COMPANY, 
Near  N antic oke,  above  water  level,  on 
Buck  Mountain  vein :  Steam-power,  25 
horse ;  production  in  1865,  15,456  tons. 

No.  40- 
UNION  COAL  COMPANY. 


Old  Channcey  m 
Shaft  and  slope,  ■ 


es,  near  Plymouth . 
Grand  Tunnel  oi 


Buck  Mountain  vein;  steam-power,  40 
horse  breaker  engine;  production  in  1865, 
18,012  tons. 

(See  No.  40,  Wilkesbarre  District,  and 
No.  37,  Mahanoy  Region.} 

No.  41, 

WATERMAN  &  BEAVER. 
(David  Moroan.) 
Moatourcolliery,  near  Nanticoke,  above 
and  below  water  level,  on  Mammoth  vein : 
Steam-power,  100  horse ;  capacity,  25,000 
tons  per  annum ;  production  in  1865, 
8,8S3  tons. 

No.  42. 

WEST  BRANCH  COAL  COMPANY. 

Colliery  near  Nanticoke,  above  water 

level,  on  Mammoth  vein :  Steam-power, 

40  horse. 

STo.  43. 
GRAND  TUNNEL  COAL  CO., 
Near  Nanticoke,  above  water  level,  on 
Buck  Mountain  vein. 

No.  44. 

HARVIE  BROTHERS. 

Near  Nanticoke,  above  water  level,  on 

Buck  Mountain  vein :   Steam-power,  12 

horse ;  capacity,  30,000  tons  per  annum : 

production  in  1865,  11,852. 

No.  46. 

CAREY  AND  HART. 
Near  Shi ckshenny,  above  water  level,  on 
Buck  Mountain  vein. 

(New  operation,  not  fully  developed.) 

No.  46. 

SALEM  COAL  COMPANY. 

.Rocky  Mountain   colliery,  near   Shick- 

shenny,  above  water  level,  on  Buck  Moun- 

NEW  ENGLAND  COAL  COMPANY, 


ci  by  Google 


WYOMING  AND  LACKAWANNA  REGIONS. 

We  must  here  call  atteutiou  to  the  estimated  capacity  of  the  collieries,  not  only 
in  this  but  in  other  regions,  as  entirely  arbitrary.  Some  have  returned  a  fair  eati- 
niftte,  while  others  are  much  too  high,  This  will  explain  why  the  capacity  of  several 
comparatively  small  operations  are  returned  as  greater  than  that  of  much  larger 
establishments.  The  general  capacity,  howeyer,  as  given,  conld  be  nearly  approxi- 
mated, if  the  demand  and  the  means  of  transportation  were  eq^ual  to  the  mining 
capacity. 

We  have  no  othe^  means  of  obtaining  the  respective  shipments  of  the  operators 
in  the  Northern  Anthracite  field  than  by  the  Revenue  Commissioners'  returns ;  but 
while  these  give  the  total  correctly,  the  respective  production  of  the  mines  vary 
widely,  since  the  large  shippers  buy  from  the  smaller  producers.  For  instance,  the 
shipments  of  the  Delaware,  Lackawanna  and  Western  Railroad  Company  are  taxed 
as  937,631,  while  their  mine  production  was  only  579,615  tons  in  1865,  leaving 
358,016  tons  purchased  from  other  mines.  The  same  policy  has  been  pursued  by 
other  large  companies,  consequently  the  Commissioners'  returns  do  not  give  the  fall 
production  of  the  smaller  coal  producers.  We  give,  however,  a  list  of  the  shippers, 
as  fonnd  on  the  Assessor's  books,  with  the  exception  of  those  formerly  given  and 
located  on  the  map. 


LACKAWANNA  AND  WYOMING  REGIONS. 


CAEBONDALE. 

James  Nickol 2,61 

John  Oaklj 6f 

S.  8.  Clark 2,5f 


ARCHIBALD. 


SOEANTON. 


Rapp  &  Bowen 5,760 

F.  J:  &  J.  Williams 1,760 

Christian  Scherer 1,459 

PEOVIDENCE. 

Joseph  Church 1,214 

Lackawanna  Coal  Company 

Charles  Edwards 

Flynn  &  Morris 263 

GrifBn  &  Eitner 

Hughes  &  Abel 

F,  B.  Marsh 

Giles  Leach 

Wm.  Henry 

Michafll  Rock 

Williams  &  McFarlane 

L.  Van  Storch 

J.  T.  Heatherby  &  Co ;..        65 


BLAKELY. 
Martin  Crippin 


HYDE  FAEK. 


Lackawanna  and  Susquehanna  Coal 
and  Iron  Company 5,693 

FITTSTON. 

Shiffer  &  Lacoe 849 

De  Witt  &  Salisbury 5,563 


CS-Maltby 4,817 

J.  D.  &  H.  Jtf.  IToyt 469 

James  F.  Atherton 242 

WILKBSBAERE. 

Parish  &  Thomas 8,210 

Warrior  Run  Coal  Company 780 


PLYMOUTH. 

Ira  Davenport 858 

New  England  Coal  Company 12,507 

H.  S.  Mercur  &  Co,  (successor  to 

Langdon) 17,302 

E-  N.  Hmith 1,500 

James  Nicholas 500 

SHEIKSHENNY. 
A.A.  Church 106 
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FIRST,  OR  SOUTHERN  COAL  FIELD. 

LEHIGH  DISTRICT. 


Wo.  17. 

LEHIGH  COAL  AND  NAVIGATION  COMPANY. 
The  eosJ  lands  of  this  Company  extend  from  a  point  near  Tamaqua  to  the  eastern 
extremity  of  the  First,  or  Southern  Anthracite  Ooal  Field,  and  contains  G,000  acres. 
Their  mines  are  the  "  East  Lehigh,"  "  Eoom  Enn,"  "  SaBimit  Hiil,"  "  Panther 
Creek,"  and  ''Taniaqua."  We  include,  however,  nnder  Number  17,  an  marked  on 
the  map,  only  the  "  East  Lehigh,"  "  Snmtnit  Hill,"  and  "  Panther  Creek  "  Mines. 
There  are  seven  collieries  in  operation  at  these  wmes,  on  the  Buck  Mountain  aud 
Mammoth  veins,  with  2,485  horse-steam-power,  aud  a  capacity  of  abont  500,000  tons 
per  annum.  The  production  of  1863,  was  410,689  tons ;  1864,  373,104  tons  ;  1865, 
408,171  tons,    The  total  production  of  Lehigh  Coal  and  Navigation  lands  is : 

Ton!,     c. 

Froni  Summit  Mines,  by  Lehigh  Coai  and  Navigation  Co 408,171,18 

From  Summit  Dirt  Heaps,  leased 3,542.12 

From  Eoom  Run  Mines,         ■'      79,753-08 

From  Tamaqua         "  "      19,535.07 

From  Greenwood      "  "       6,022.02 

Total  for  18G5 517,025.07 
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No.  18. 
DOUGLASS,  SKEER  &  00. 
Room  Ran  mines,  at  Nesqiaehoning, 
OD  Back  Mountain  and  Mammoth  reins : 
Two  collieries  below  water  level ;  steam- 
power,  800  horse ;  capacitj,  100,000  tons 
per  aiinnm ;  production  ia  1864,  86 
tons;  in  1865,  79,753  tons. 


MOSS,  WOOD  &  GO. 
Tamaqua  Lehigh  miaes,  near  Tama- 
qua,  oa  Mammoth  vein,  below  water 
leyel  r  Steam-power,  135 horse;  capacity, 
60,000  tons  per  aimum ;  production  in 
1864,  34,865  tons  ;  in  1865,  19,535  tons. 

TAMAQtJA  DISTRICT. 

No.  1. 

GREENWOOD  COAL  COMPANY. 
Greenwood  mines,  west  of  Tamaqua, 
above  and  below  water  level,  on  Mara- 
moth,  (all,  or  most  of  the  Anthracite 
Beams  to  I,  i>i  Diamond,  enlisting  on 
property :)  Steam-power,  190  horse ;  ca- 
pacity, 100,000  tons  per  annum  ;  pro 
tion  in  1864,  56,375  tons  ;  in  18G5, 11,369 

Wo.  B. 
JOHNSON  &  OKMROD. 
At  D,  east  colliery  north  of  Tamaqua, 
on  lower  veins,  above  water  level :  Steam- 
power,  30  horse;  capacity,  20,000  tons 
per  aonnm;  production  in  1864,  19,456 
tone;  in  1865, 13,618  tons. 

Wo.  3. 

GEORGE  BEOWN. 

(Now  WKBTMOBBfe  Moss.) 

At  High  mines,  north  of  Tamaqua,  on 
Primrose,  (Tamaqua  P,)  below  water 
level :  Steam-power,  100  horse ;  capacity, 
30,000  tons  per  annum;  production  in 
1865,  13,872  tons. 

No.  4. 
RATCLIFEE  &  RALSTON. 

At  0,  West  mines,  Tamaqua,  below 
water  level,  on  Buck  Mountain :  Produc-  [ 
tion  in  1865,  5,640  tons.  i 


No.  5. 

LITTLE  SCHUYLKILL  COAL  AND 
NAVIGATION  COMPANY. 
Five  collieries,  including  Shaft  colliery 
at  Tamaqua,  and  Buckville  colliery,  west 
of  Tamaqua,  below  water  level,  on  Mam- 
moth, or  E:  Steam-power,  760  horse; 
capacity,  100,000  tons  per  annum;  pro- 
duction ia  1865,  48,389  tons. 

Wo.  6- 
GEORGE  W.  COLE. 
Eeeresdalo   mines,  west  of  Tamaqua, 
on  Mammoth,  above  water  level ;  Steam- 
power,  20  horse;   capacity,  50,000  tons 
per  annum;  production  in  1865,  13,170 


POTTSVILLK  DISTRICT. 

Wo,  9. 

MAMMOTH  TBIN  CONSOLIDATED 
COAL  COMPANY. 
Three  collieries :  Tuscarora  colliery 
and  Smith  colliery,  near  Tuscarora ; 
tunnel  at  Tuscarora  colliery,  commenced 
in  Palmer  (H)  and  driven  through  Mam- 
moth to  Skidmore,  above  water  level ; 
steam-power,  30  horse;  slope  at  Smith 
colliery  on  Mammoth ;  steam-power,  170 

Hickory  colliery,  at  St.  Clair,  and  New 
Hickory  Shaft  colliery,  at  WadeaviUe. 
(See  description,  further  on  page  765.) 

No.  9. 

HENRY  GUITERMAN. 
Coal  Hill  colliery,  above  New  Phila- 
delphia, on  Valley  Furnace  Tract;  Slope 
210  yards  long,  on  Skidmore;  steam- 
power,  50  horse  power  ;  capacity  50,000 
tons  per  annum;  production  in  1S65, 
16,074  tons. 


Gate  Vein  colliery,  on  Valley  Fur- 
nace Tract,  above  New  Philadelphia: 
Production  in  1865,  399!  tons. 
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DESCRIPTION   OF    MINES. 


No.  13. 
EIOHAItD  WINLACK  &  CO. 
Two  collieries :  One  at  Silver  Croak, 
and  one  on  "  Buaby  tract,"  above  New 
Philadelphia,  below  water  level,  on  H 
and  M ;  steam-power,  100  horse ;  produc- 
tion in  1865, 10,591  tons. 

No.  14. 
NEW  PHILADELPHIA  COAL  MIN- 
ING COMPANY. 
Two  collieries  :  Novelty  colliery,  below 
New  Philadelphia.  Slope  on  Gate  or  M, 
1,008  feet  deep ;  steam-power,  80  horse ; 
and  a  new  colliery,  known  as  the  Koad's 
Shaft  colliery  at  New  Philadelphia,  on 
Gate,  258  feet  deep;  steam-power,  70 
horse ;  capacity  of  both  collieries,  50,000 
tons ;  production  in  1865,  24,665  tons. 

No.  15- 

KASKA  WILLIAM  COAL  CO. 

Above   Middleport,  on  Mammoth  and 

lower  veins,  (mines  on  fire  ;)  production 


MILLEE  &  MAIZE. 
WarrentoD  colliery,  near  New  Phila- 
delphia; Two  slopes,  on  Primrose  and 
Holmes;  tunnel  proposed  to  Mammoth; 
steam-power,  240  horse ;  capacity,  15,000 
tons  per  annum;  prod\iotioa  in  1865, 
12,116  tons. 

THo.  20. 
CHABTER  OAK  COAL  COMPANY. 
(Formerly  Bedall  &  Kobinson.) 
Near  Belmont,  on  Primrose,  Orchard 
and  Diamond,  above  and  below  water 
level :  Steam-power,  100  horse ;  produc- 
tion in  1865,  37,640  tons. 

Uo.  21. 

BELMONT  OOAL  MINING  CO. 

Belmont  mines  :  Shaft  on  Tunnel  vein, 
(Gate,)  75  yards  deep  ;  st«am-power,  50 
horse ;  production  in  1865,  8,913  tons. 


EAGLE  IITLL  SHAFT  COAL  00. 

Eagle  Hill  colliery,  above  Belmont: 
Two  shafts  on  Mammoth  and  Seven  Foot 
Veins  ;  steam-power,  110  horse ;  produc- 
tions in   1865,  30,375  tons. 


No.  33. 
M.  G.  HEILNER. 
[Now  Mutual  Consumbrs'  Coal  Co.) 
Oakland  colliery,  above  Belmont,  be- 
low water  level  on  Mammoth  and  Skid- 
more  :  Steam-power,  165  horse ;  produc- 
tion in  1865,  4877  tons. 

No.  24. 

WILLIAM  DOVBY. 


Near  Belmont,  m 
Veins  :  production 


V  place  on  Red  Ash 
1  1865,  5,128  tons. 


FEEDER  DAM  COAL  COMPANY. 
Between  Belmont  and  St.  Clair,  place 
formerly  worked  by  Messrs.  Potts  &  Sny- 
der, on  Red  Ash  Veins ;  production  in 
1865,6,113  tons. 


A.  LAWTON^POTTSVILT-E  GAP 
COLLIERY, 

On  the  Sharp  Mountain,  near  Potts- 
ville.  Buck  Mountain  (Barelough)  vein : 
Red-ash  coal,  above  and  below  water 
level ;  steam-power,  35  horse. 


WILLIAM  H.  STAEB. 
Peach  Mountain  colliery,  between  St. 
Clair  and  Port  Carbon,  at  Eavensdale : 
Slope  on.  Primrose,  190  yards  deep  ;  other 
seams  below  Primrose,  accessible  by  tun- 
nel or  shaft;  steam-power,  65  horse; 
capacity,  50,000  tons  per  annum. 
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STAR  COAL  COMPANY. 

This  Company  owna  the  leases  of  two  very  fine  collieries  ;  one  on 
the  Mammoth  and  lower  veins,  known  as  the  "  Silver  Creek  Colliery," 
at  Silver  Creek,  near  New  Philadelphia;  and  the  other,  above 
Minersville,  on  the  Mine  Hill  and  Schuylkill  Haven  Eailroad,  known 
as  the  "  Diamond  Colliery,"  on  the  Diamond  Orchards,  and  other  red- 

SILVEE  CHEEK  COLLIEET. 

This  colliery  is  on  the  Mammoth  vein,  30  feet  thick.  The  slope 
is  107  yards  deep,  from  the  bottom  of  which  the  Skidmore  and 
"  seven  foot "  are  reached  hy  tunnel.  The  machinery  consists  of 
one  60  horse  pumping-engioe,  one  40  horse  hoisting-engme,  and  a  20 
horse-power  breaker  engine.  This  colliery,  under  full  development, 
is  capable  of  producing  from  75,000  to  100,000  tons  per  annum, 

DIAMOND  UOLLIEEY. 
This  colliery  is  opened  by  two  slopes  on  the  Diamond  vein,  with  tunnels  proposed 
to  the  "Morgan  Brace"  (Tracy)  Orchards,  and  other  seams.  The  machinery  con- 
sists of  one  50  horse  pumping,  one  25  horse  hoisting  and  breaking,  and  one  10  horse- 
power breaking-engine.  This  colliery,  under  fair  development,  will  produce  50,000 
tons  per  annum,  and  may  be  made  to  produce  much  more. 

THE  STAE  COAi  COMPANY. 

This  Company  was  organized  under  the  laws  of  the  State  of  Pennsylvania.  Jan- 
uary, 1865,  with  a  capital  of  $350,000,  and  has  since  been  successfully  working  and 
increasing  its  capacity  for  production.  The  property  of  the  Company  is  located  in 
Schnylkill  county,  and  consists  of  vahiable  leases  of  the  celebrated  Gmterman 
Silver  Greek  CoUiery,  near  New  Philadelphia,  and  the  Diamond  GollieTv,  near 
Minersville.  The  Silver  Creek  embraces  all  the  tvAtte-ash  coal  veins  in  the  Schuyl- 
kill region,  known  as  the  Skidmore,  12  feet  thick,  the  Mammoth,  from  25  to  35  feet 
thick,  and  other  smaller  veins.  The  Diamond  comprises  three  veins  of  red-ash 
coal,  viz.,  the  Diamond,  South  Diamond.  (Tracy.)  and  the  Cockle  veins,  (Orchard,) 
all  of  the  purest  quality.  The  Company's  improvements  consist  of  two  slopes  and 
breakers  now  in  operation,  and  one  slope  and  breaker  not  at  present  working.  The 
machinery  employed,  and  as  above  described,  is  well  adapted  to  a  large  and  successful 
business. 

This  organization  presents  some  peculiar  features.  It  combines  the  mtii-aal  with 
the  joint  stock  principle,  giving  to  all  its  stockholders  the  privilege  of  receiving 
coal  at  wholesale  prices,  and  making  regular  quarterly  dividends  in  cash.  The 
Company  possesses  the  advantages  of  convenience  in  the  locality  of  its  collieries  for 
ready  and  easy  shipments ;  small  cost  of  lateral  tolls,  aud  facilities  for  shipping, 
either  by  railroad  or  canal,  to  Philadelphia  and  New  York,  which  are  very  important 
advantages. 

This  Company  presents  some  excellent  features  in  its  organization  and  manage- 
ment, holding  desirable  leases  on  some  of  the  best  and  most  valuable  veins  of  coal 
in  the  county,  with  its  entire  capital  paid  in,  and  a  surplus  of  $30,000  in  stock,  and 
$10,000  in  the  treasury.  The  stock  has  been  principally  taken  as  a  permanent 
investment,  and  promises  to  prove  an  increasingly  profitable  one,  if  well  managed, 
especially  when  the  very  large  coal  deposits  of  the  Company,  altogether  more  tnan 
three  miles  in  extent,  as  yet  unopened,  shall  havebeen  developed.  The  Company 
contemplates  adding  another  breaker,  and  enlarging  its  operations. 

Wm.H.  Stark,  Esq.,  of  New  London,  Conn.,  who  has  several  years  of  practical 
experience  in  coal  mining  in  this  county,  is  President  of  the  Company. 

Wm.  H.  Chapman,  Esq.,  President  of  the  National  Union  Bank  of  New  London, 
is  Secretary  and  Treasurer,  and  its  Directors  comprise  some  of  the  leading  b 
men  of  that  place. 

The  office  address  of  the  CompaDy  is  New  London,  Conn. 


ab,Google 


DESCRIPTION  OF   MINES. 


No.  30, 

POTTSVITXE  MINING  AND  MANU- 
PAOTUELNG  COMPANY. 
Three  collieries:  Orchard  colliery, 
Lewis  colliery  and  Eairs  colliery,  be- 
tween St.  Clair  and  Pottsville,  on  Oate 
and  other  red-ash  veins;  steam-power, 
200  horse ;  capacity,  50,000  tons  per  an. 
num  ;  production  in  1865,  31,811  tons, 

IfO.  31. 

GROSS.  CLARKE  &  CO. 
(Kirk  &  Baum's  old  place.) 
Near  St.  Clair,  on  Primrose  ani3  Holmes, 
below  and  above  water  level  r    Steam- 
power,  250  horse;    production  in   1865, 
28,827  tons. 

Ho.  33. 

ST.  CLAIR  COAL  COMPANY. 
Shaft  colliery  and  Slope  colliery,  at 
St.  Clair,  on  Mammoth  i  Steam-power, 
750  horse;  capacity,  100,000  tons  per 
annum ;  production  in  1864,  67,476  tons 
in  1865,  37,844  tons.  (Shaft  colliery 
Breaker  destroyed  by  fire  durmg  1S65.) 


P.  BRENE. 

Mill  Creek  Gap,  above  St.  Clair :  Drifts 
on  Skidmore  and  Buck  Mountain ;  steam- 
power,  20  horse. 

Wo.  38. 

PRIMROSE   AND    PEACH    MOUN- 
TAIN COAL  COMPANY. 
In  St  Oiair  ;  New  concern,  now  under 
development;    steam-power,  120  horse; 
capacity,  50,000  tons  per  annum. 

No.  37. 

GEORGE  S.  EEPPLIEE. 

Mammoth  colliery,  junction  of  Wolf 

Creek  and  Mill  Creek,  above  St.  CIe 

Two  slopes  on  Mammoth,  one  758  feet 


MANCHESTER  COAL  COMPANY. 
Wadesville,  (C.  Prantz's  old  place:) 
Slope  on  Primrose  and  Orchard ;  steam- 
power,  80  horse;  production  in  1865, 
32,920  tons. 

No.  39. 

CHARLES  SAYl-OE,  Aobnt. 
Above  "Wadesville:    Slope   on   Prim- 
rose ;  steam-power,  50  horse  ;  production 
in  1865,  14,0^3  tons. 

ITo.  40. 
JOB  EK!H. 
Near  Pottsville:  Small  operation  for 
home  consumption. 

No.  41. 

DUNCAN  COAL  COMPANY. 

On  Mount  Carbon    Railroad,  Peach 

Mountain    or    Gate    vein,  below  water 

level :  Production  in  1865.  23,858  tons. 

No.  42. 
NORWEGIAN  COAL  COMPANY. 

Brown's  old  Oak  Hill  and  Price  Weth- 
erill  collieries,  at  Oak  Hill,  on  the  Mount 
Carbon  Railroad  :  One  shaft  and  three 
slopes  on  Primrose,  sinking  to  Mam- 
moth; steam-power,  340  horse  ;  capacity, 
under  full  development.  100,000  tons  per 
annum ;  production  in  1S64,  19,664  tons  ; 
in  1865,  7,407  tons. 

No.  43. 
MOUNT  CARBON  COAL  CO. 
Wm.  Williams'  old  colliery,  at  Mount 
Laffee:  Shaft  on  Primrose,  sinking  to 
Mammoth;  steam-power,  65  horse;  ca- 
pacity, 70.000  tons  per  annum;  produc- 
tion in  1865,  7,068  tons. 


EAST  MOUNT  LAFFEE  COAL  CO. 
MonntLatfee  colliery,  at  Mount  Laffee: 


deep ;  steam-power,  440  horse ;  capacity.  Slope  on  Mammoth ;  steam-power,  about 
75,000  tons  per  annum ;  production  in  150  horse ;  sinking  and  preparing  for 
1865,  38,762  tons.  1  operation. 
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764  APPE 

SCHUYLKILL   HAVEN   DIS- 
TRICT. 

Wo.  45. 

NEW  HAVEN  COAL  COMPANY. 

West  Mount  LafFee  colliery,  at  Mine 

Hill  Gap :   Slope  on  Mammoth ;  steam- 

power  about  125  horse;  idle  during  1865. 

No.  4S  and  48. 

WILLIAM  H.  STAKE. 
Diamond  colliery.   (See  Star  Coal  Com 
pany,  No.  18.) 

Wo.  47, 

R.  C.  HILL, 

Patten's   Old   Mine   colliery,  at  Mine 

Hill   Gap,-- on    Mammoth,   below   water 

level. 

Wo.  49. 

WILLIAM  KEAR  &  CO. 

Mine  Hill  Gap  colliery,  near  Coal 
Castle :  Slope  on.  Mammoth ;  steam- 
power,  350  horse. 

Wolf  Greek  Diamond  colliery,  near 
Minesville,  on  Primrose  and  Diamond : 
Steam-power,  150  horse ;  productloa  in 
1865,  76,571  tons. 

Wo.  51. 

WILLIAM  LITTLBHALES. 

(Now  New  Castle  Mutual  Coal  Co.) 

Patterson  colliery :  At  Greenberry, 
Mine  Hill  Basia,  on  Buck  Mountain, 
(Jngular,)  above  water  level ;  production 
in  1864,  4,400  tons. 

Wo.  52. 

NEW   YORK   AND    SCHUYLKILL 

COAL  COMPANY, 

Heckscherville  colliery,  on  (Jugular) 
Daniel,  Mammoth  and  other  lower  veins : 
Two  elopes  and  two  tunnels ;  steam-power, 
730  horse ;  capacity,  150,000  tons  per 
annufa ;  production,  90,000  tons. 

Thomaston  colliery,  north  side  of  Mine 
Hill,  Mammoth,  Skid  mo  re  and  Buck 
Mountain :  Shafts  83  yards  deep ;  steam- 
power,  210  horse ;  capacity,  180,000  tons 
per  annum;  prodnction,  120,000  tons. 

Otto  Red-ash  colliery,  south  side  Mine 
Hill,  on  Black  Heath  and  split  of  Mam- 
moth, (same  as  at  Wolf  Creek:)  One 
slope,  320  yards  long;  steam-power,  270 


horse  ;  capacity,  150,000  tons  pet  annum  ; 
production,  80,000  tons. 

Black  Heath  Colliery,  south  side  of 
Mine  Hill,  on  Black  Heath,  Skidmore, 
and  and  Back  vein  (above  water-level) ; 
steam-power,  60  horse. 

North  Tunnel  Colliery,  south  side  of 
Mine  Hill,  on  Mammoth,  above  water- 
level;  capacity,  40,000  tons ;  production, 
20  000  ions. 

Porcstville  Colliery,  at  Forestville,  on 
Mammoth  and  lower  veins.  Slope  300 
yards  long ;  steam-power,  140  horse  ;  ca- 
pacitj,  100,000  tons;  production,  70,000 


35ro.  52'4. 

T.  H.  SCHOLLBNBERGEE,  Agent. 

Near  Glen  Carbon,  on  Mammoth  and 

other  White  Ash  Veins  ;  Production  in 

1865,  44,190  tons. 

No.  63. 

GLEN  CAEBON  COAL  COMPANY. 
Glen  Carbon  colliery,  above  Hecks- 
cherville, in  Mine  Hill  Basin  :  Slope  on 
Mammoth  and  other  White  Ash  veins ; 
steam-power,  135  horse  ;  capacity,  50,000 
tons  per  annum;  production  in  1865, 
25;563  tons. 


Peaked  Mountain  colliery,  in  Mine  Hill 
Basin,  on  Mammoth  and  other  veins  r 
Three  drifts,  three  tunnels,  two  shafts, 
one  slope ;  steam-power,  520  horse ;  ca- 
pacity, 100,000  tons  per  annum;  produc- 
tion m  1865,  21,603  tons.  (Burned  out 
in  March,  1865 ;  started  in  July  same 
year.) 

Wo.  55. 

PEOPLE'S  MUTUAL  COAL  CO. 

Near  Monterey,  on  Mammoth  and  other 
veins:  Production  in  1865,  44,190  tons. 

Wo,  56. 

GORMAN  &  WINTBRSTBIN. 
Near  Monterey,  repairing  Taylor's  old 
place. 

Wo.  58. 

BLACK  HEATH  COAL  COMPANY. 
Serrill's  old    place,  near    Minesville, 

above  water  level,  on  Mammoth,  Skid- 
re  and  Back  Mountain,  (locally  known 
Black  Valley,  Skidmore  and  Spring 
ns :)  Steam-power,  20  horse ;  produc- 
n  in  1865,  12,802  tons. 
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DESCEIPTION  OF  MINES. 


MAMMOTH  VEIN  CONSOLIDATED  GOAL  COMPANY.' 
This  great  coal  company  own  and  operate  eight  of  the  largest  collieries,  inolud 
ing  the  new  shaft  at  Wadeaville,  in  the  Anthracite  Regions,  and  all  of  them  are  on 
the  Mammoth  Vein,  which  ia  the  greatest  coal  bed  of  the  anthracite  fields.  Among 
these,  the  Hickory  Colliery,  at  St.  Clair,  one  of  the  oldest  and  most  sTiccessful  in 
operation,  claims  our  special  attention.  This  colliery  is  located  in  the  second  basin 
BOnth  of  the  Mine  Hill  range— John's  intervening — which,  in  this  vicinity,  has  in- 
variably produced  the  most  excellent  eoal,  while  the  Mammoth  is  here  nniformly 
fonnd  in  ita  best  workable  condition,  and  from  20  to  30  feet  in  thickness.  The  old 
Hickory  Colliery,  formerly  MiJnes',  has  been  constantly  prodactive  for  a  period  of 
over  20  years,  and  promises  to  be  equally  available  for  many  years  to  come ;  while 
the  new  Hickory  Shaft  Colliery,  now  in  coarse  of  development,  to  the  dip  of  the  old 
workings,  and  to  the  west  of  the  same,  at  Wadesville,  will  command  a  breasting  of 
1,200  feet  on  the  Mammoth  with  a  "  ran"  on  the  "  strike"  of  the  same  of  two  mfles. 
The  seven  foot  and  tbe  underlying  Skidmore  and  Buck  Mountain  beds  are  also 
available  in  the  shaft  colliery  with  an  equal  run,  and  greatly  increased  breasting. 

This  new,  colliery,  being  designed  and  executed  with  a  view  to  permanence, 
economy  of  production,  and  the  most  approved  mining  appliances,  promises  to  be 
one  of  our  most  extensive  and  productive  colliery  establishments.  The  Hickory 
coal  has  always  enjoyed  a  high  repntation  in  market,  and  justlj' 60,  becaose  none 
better  is  produced  in  the  Anthracite  Region  a.  We  consider  the  Hickory,  Fine  Forest 
and  John's  Eagle  Colliery  coals,  as  equal  to  the  best  Locust  Mountain  or  Lehigh, 
both  in  appearance  and  availability.  The  present  capacity  of  the  old  Hickory  is 
about  120,000  tons  per  annum ;  while  the  new  Hickory  is  estimated  to  produce  from 
150,000  to  200,000  tons.  The  aggregate  steam-power  at  the  old  works  is  350  horse  ; 
at  the  new  worts  6S0  is  proposed,  or  a  total  of  over  1000  horse-power.  The  size  of 
the  new  shaft  ia  14  by  22  feet,  and  the  estimated  depth  to  the  Mammoth  about  600  feet. 

The  Mammoth  Vein  Consolidated  Coal  Company,  in  addition  to  the  Hickory 
Collieries,  own  and  operate  two  collieries  near  Tuscarora  (see  No.  8  on  map),  in  the 
Sonthern  Coal  Field,  and  fonr  collieries  in  the  Mahanoy  Region,  of  the  Middle 
Coal  Field;  namely,  the  Mahanoy  Valley,  Loenat  Mountain,  Locust  Gap  and  A,  S. 
Wolf  Collieries,  (see  No.  11  on  map,)  all  on  the  Mammoth  Vein. 

W.  H.  SHEAFUR,  ESQ.,  is  the  general  agent  of  this  company. 
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PINE  FOREST  COLLIERY. 

GEOEQB  W.  SNYDER, 

Georgo  W.  Snyder's  Fine  Forest  colliery  has  been  in  active  operation  iluring  a 
period  of  twentj  jears,  and  lias  always  been  productive,  with  a  capacity  of  about 
100,(100  tons  per  annum ;  and,  perhaps,  no  coal  sent  to  market  has  been,  invariably, 
so  well  prepared,  during  "  good  "  as  well  as  "  bad  times,"  as  the  "  Pine  Forest,"  or 
that  has  constantly  enjoyed  a  better  reputation  among  coal  consumers. 

The  old  Pine  Forest  colliery  is  near  the  town  of  St.  Clair,  and  on  the  soathern 
slopes  of  the  celebrated  Mine  Hill  range,  along  which  the  white-ash  coal-beds  are 
generally  in  their  best  condition,  and  extremely  productive ;  but  at  no  point  sonth  of 
the  Mine  Hill  are  they  so  unifomily  good  as  in  this  vicinity. 

The  veins  worked  in  the  Pine  Forest  colliery  are  the  "  Seven  Foot "  Mammoth 
acd  Skidmore.  For  a  considerable  period  they  were  productive  above  water  level, 
but  the  third  "lift"  below  is  in  operation  through  the  Pine  Forest  slope;  while  the 
fourth  "  lift"  is  being  opened  by  the  new  Pine  Forest  shaft,  which  is  now  in  course 
of  development,  as  illustrated  in  Figure  209. 

The  old  Pine  Forest  colliery  will  be  productive  for  a  considerable  length  of  time 
yet,  and  the  combined  capacity  of  both  establishments  may  be  stated  at  250,000  tons 
per  annum.  There  are  two  slopes  at  this  colliery,  on  the  Mammoth,  connected  by 
tunnels  with  both  the  "  Seven  Foot"  and  Skidmore,  and  the  aggregate  power  of  the 
hoisting  and  pumping  engines  thereon  is  180  horse.  The  breaker  engine  is  40,  and 
the  dirt-plane  engine  40  horse-power ;  while  a  small  locomotive  engine  is  used  for  the 
purpose  of  conveying  the  mine  cars  from  point  to  point  on  the  surface ;  the  total 
steam-power  at  old  Pine  Forest,  being  about  350  horse. 
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DESCRIPTION   OF    MTNES. 


PINE  FOREST  SHAFT  COLLIERY. 


The  new  Pioe  Forest  shaft  collierj  is  now  in  course  of  develop, 
ment,  by  a  shaft  sunk  to  the  dip  of  the  old  Pine  Forest  works, 
near  the  bottom  of  the  second  basin  south  of  the  Mine  Hill,— - 
that  known  as  Johns'  basin  being  the  first.  This  shaft  is  12—20 
feet  in  size,  and  abont  330  feet  in  depth  to  the  Mammoth.  It  is 
intended,  however,  to  reach  the  Skidmore,  which  is  about  450-feet 
from  the  surface,  and  perhaps,  eventually,  the  Buck  Mountain 
vein.  The  character  of  the  work  and  improvements  at  thia  new 
colliery  are  substantial  and  well  designed  for  permanence  and 
economy  of  operations.  The  hoisting  machinery  consists  of  a 
pair  of  engines  connected  to  the  same  shaft  at  right  angles  with 
link  motion,— cylinders,  20  inches  diameter,  by  four  feet  stroke, 
and  capable  of  elevating  1000  tons  of  coal  per  day.  A  large 
■'  Bull  Engine  "  is  erected  for  the  purpose  of  drainage,  with  a  60 
inch  cylinder,  10  feet  stroke,  and  two  columns  of  20  inch  pipes  in 
two  lilts.  The  breaker  is  40,  and  the  dirtplane  engine  30  horse- 
power i  giving  a  total  stflara-power,  at  the  shaft,  of  about  725 
horse,  or  an  aggregate  at  both  collieries  of  1000  horsepower. 

The  engines  for  the  new  shaft,  in  particular,  are  of  great 
strength  and  simplicity,  and  admirable  as  models  of  mining 
machinery.  Mr.  Snyder  builds  his  own  machinery  at  his  old  and 
justly  celebrated  Pottsville  Machine  works  and  foundry. 

The  extent  of  "  breasting  "  on  the  dip  of  the  seams,  from  the 
dip  workings  of  the  slope  to  the  levels  of  the  shaft,  is  from  400  to 
500  feet;  while  the  "run"  on  their  "strike"  is  about  one  and 
three-qnarter  miles.  The  Mammoth  is  here  from  20  to  30  feet  in 
thickness,  the  Skidmore  8  feet,  and  tho  "Seven  Foot"  8  feet; 
while  the  Buck  Mountain  vein  has  been  found  in  the  vicinity  10 
feet  thick.  The  aggregate  thickness  of  workable  coal  is,  therefore, 
abont  fifty  feet,  and  the  amount  available  at  these  collieries,  in- 
cluding the  basin,  to  the  dip  of  the  shaft,  not  less  than  10,000,000 
tons. 

The  moderate  dip  of  the  measures  in  the  new  shaft  colliery, 
the  number  of  seams,  and  the  proximity  to  the  basin,  offer  an 
admirable  opportunity  of  introducing  the  best  and  most  improved 
aystema  of  mining  and  ventilation  ;  while  the  extensive  and  sub- 
stantial style  of  the  improvements  and  the  power  of  the  machinery 
combine  to  render  this  colliery  one  of  great  capacity,  and  among 
the  best  of  our  new  and  approved  mining  establishments.  The 
breaking  and  coal-preparing  arrangements  are  ona  large  scale, 
and  erected  with  a  view  to  the  careful  preparation  of  tbe  coal  for 
market,  as  well  as  capacity  for  production  We  may,  tberefora, 
safely  state,  that  the  Pine  Forest  coal  in  the  future  will  sustain 
itn  reputation  in  the  past. 
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GEORGE  W.  JOnNS  &  BED. 

This  colliery  lias  always  been  condncted  in  the  most  practical  and  ecnnomical 
manner,  having  been  developed  and  improved  by  two  practical  and  prudent  miners, 
Thomas  Johns  and  the  late  William  H.  Johns,  who  did  their  work  in  the  most  sub- 
staatia!  manner,  and  with  the  great  objects  of  availability  and  economy  in  operation 
conBtantly  in  view.  The  consequence  is,  that  this  has  been  one  of  onr  most  success- 
fnl — if  not  onr  most  successful — collieries ;  and  has  realized  for  its  prudent  and 
fortunate  possessors  over  a  million  of  dollars  in  net  profitB. 

It  is  not,  and  has  not  been,  a  better  location  than  many  others  we  might  name ; 
nor  has  the  Mammoth  here— though  uniformly  good  and  productive  of  splendid 
coal — been  superior  in  size,  or  economy  of  production,  to  the  same  magnificent  bed 
in  many  other  places,  where  it  has  not  been  so  profitably  worked.  In  mining,  as  in 
all  other  pursuits,  practical  experience,  and  a  careful,  energetic  management,  is 
almost  always  certain  of  success,  and  always  certain,  when  the  coal  exists  in  com- 
paratively large  seams,  and  is  free  from  fault  and  impurity. 

The  Eagle  Colliery  is  capable  of  producing  100,000  tons  per  annum.  Its  pro- 
duction has  been  about  75,000  tons  per  annum.  During  1864,  84,558  ;  1865,  74,745 
tons  were  shipped.  It  is  on  the  Mammoth  Vein,  above  and  below  water  level ;  its 
steam  machinery  consists  of  an  aggregate  of  200  horse-power.  The  colliery  is  located 
at  the  upper  end  of  the  town  of  St,  Clair. 
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DESCRIPTION   OF    MINFS. 
No.  60.    See  Map. 

PINE  KNOT  COAL  COMPANY. 

CAPITAL  $500,000. 


The  East  and  West  Pine  Knot  Coll  er  ea  are  located  on  the  Boutl  d  pa  of  the 
Mine  Hill  Baain,  at  the  base  of  the  Broad  M  u  ta  n  a  1  of  po"!  te  M  ne  H  U  Gap 
The  Baat  Colliery  occnpiea  the  s  te  of  tl  e  old  a  d  celebrated  Greenberry  M  nes 
which,  for  a  long  period,  produced  large  quaatibea  of  the  moat  excellent  coal  above 
water-level.  The  West  Colliery  is  on  the  site  of  the  old  Daniel  Mines,  one  of 
the  first  worked  in  the  Mine  Hill  Begion,'and  which  was  also  operated  for  a  long 
period  above  water-level.  The  distance  between  these  two  collieries  ia  about  one 
and  a  half  milea,  and  the  entire  "  run,"  on  the  "  strike  "  of  the  veina,  is  abont  three 
miles;  or  from  the  Heckscherville  Collieries  on  the  west,  to  a  point  near  Newcastle 
on  the  east. 

The  coal-beds  worked  are  locally  known  aa  the  Mammoth,  or  Daniel,  Lelar,  Crosby, 
and  Big  Diamond — the  probable  equivalent  of  the  Mammoth,  Skidmore,  Gamma, 
and  Buck  Mountain.  Behind  these,  to  the  north,  and  available  to  either  slope  by 
tunnel,  is  a  repetition  of  both  the  north  and  south  dips  of  all  the  lower  coal-beds, 
including  the  Mammoth,  in  what  may  be  called  the  Inverted  Jugular  Basin,  as 
shown  in  figure  214. 

The  Pine  Knot  Ooilieries  are  on  the  right  side  of  the  above  figure  and  on  tie 
south  dips  of  the  first  basin,  which  includes  the  sis  upper  seams  only.  It  ia  plain, 
however,  that  all  the  beds  are  repeated  in  the  second,  or  North  (Jugular)  Basin, 
except  the  two  upper  ones,  and  that  they  may  be  reached  and  operated  from  the 
Pine  Knot  slopes  with  much  economy.  Thus,  twelve  coal-beds  may  be  worked  at 
one  time  at  these  collieries,  which  cannot  be  said  of  many  other  mining  establiah- 
ments. 

In  November,  1863,  these  collieries  were  purchased  by  H.  W.  Fuller,  Esq.,  of 
Boston,  and  since  then  a  thorough  system  of  improvement  has  been  introduced  and 
carried  out,  involving  the  expenditure  of  large  sums  of  money. 

At  the  West  Colliery  a  large  and  substantial  breaker,  on  the  most  approved 
plana,  has  been  erected,  with  new  eagines,  engine  houses,  &c.,  &c.  The  slope  has 
been  thoroughly  repaired,  and  tunnels  driven  to  the  Lelar  and  Crosby,  at  the  second 
lift.  At  the  East  Colliery  the  pumping  slope  has  been  improved,  and  a  new  and 
powerful  Cornish,  or  "  Bull,"  Engine,  with  a  fifty-three  inch  cylinder  erected,  and 
two  new  columns  of  twenty-inch  pipes  laid  down.  This  engine  alone — without  the 
assistance  of  two  other  large  pum ping-engines — is  of  sufficient  capacity  to  drain  the 
workings  of  both  collieries.  The  old  coral  slope  at  this  colliery  haa  been  enlarged 
to  11  by  28  feet,  and  newly  timbered  to  the  bottom  of  the  first  lift.    It  is  to  be 
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r   aod   improved   coai-breaket 


extended  to  the  second  lift  immediately,  and  s 
erected  thereon. 

The  aggregate  st«am-power  employed  at  these  collieries  is  eight  engines,  and 
about  750  horse-power,  of  which  200  horse  is  used  for  hoisting  coal,  500  for  pumping, 
and  50  for  breaking  and  preparing.  The  capacity  of  the  mines  is  about  100,000  tons 
per  annum,  and  when  fully  developed  should  reach  1,000  tons  per  day. 

Eepplier's  Mammoth  Colliery  adjoins  the  Pine  Knot  on  the  east ;  the  New  York 
and  Schuylkill  Coal  Company's  Collieries,  at  Heckseher^  ille,  on  the  west,  and  Wm, 
Kear  &  Co.'s  Mine  Hill  Gap  Colliery  on  the  south  All  these  celebrated  mines  arc 
on  the  same  veins  as  the  Pine  Knot,  and  the  character  of  the  coal  produced 
from  the  entire  basin  is  excellent.  It  is  as  dense  as  the  coal  of  the  Lehigh,  and  as 
available  for  all  the  purposes  in  which  the  hard  anthracite  is  used. 

The  expenditure  in  developing  these  collieries  is  heavy,  but,  considering  the 
number  of  coal-beds  which  are  accessible  by  either  slope,  and  the  great  length  of 
the  "  run," — on  which  twenty-four  gangways  may  be  driven  at  each  lift — we  consider 
that  the  work  accomplished  so  far  has  been  done  with  judicious  economy,  and  with 
R  view  to  permanence  and  availability  in  improvements  and  production. 

The  officers  of  the  Pine  Knot  Coal  Company  are ; 

President,  William  S.  Eaton,  Boston ;  Secretary,  Simon  Levi,  Boston ;  Treasurer, 
H.  W.  Pbllbk,  Boston. 

EnwiK  Harris,  Minersville,  Agent  and  Superintendent 


No.  ai. 
PH(EN1X  PARK  COAL  COMPANY. 
Pour  collieries :  One  and-a-half  miles 
north-west  of  Minersville,  on  1.000  acres 
of  land  owned  by  this  company.  At 
present  working  Primrose,  Orchard  and 
Diamond;  Steam-power,  350  horse;  pro- 
duction in  1865,  39,854  tons. 


GOODMAN  DOLBIN. 

Lyile  colliery,  Woodside,  below  water 

level,  on    Diamond :     Steam-power,  50 

horse ;  capacity,  35,000  tons  per  annum  ; 

production  in  1865, 1'!,G73  tons. 

Ko.  64. 

HOUSEKEBPEES'  COAL  CO. 

At  Branchdale,  below  water  level,  on 

Spohn  or  Gate  vein :    Steam-power,  70 

Nos.  65  and  66. 
SWATARA  FALLS  COAL  CO. 
Two  collieries  at  Swatara  Falls,  on 


Mammoth  and  other  seams,  above  and 
below  water  icvel ;  Production  in  1865, 
62,630  tons. 


GILFILLAN  &  LYNCH. 
Swatara  colliery,  near  Swatara  Falls, 
above  water  level,  on   Mammoth  veins, 
{split ;)  Steam-power,  15  horse  ;  produc- 
tion in  1865,  12,617  tens. 

No.  es. 

TEEMONT  COAL  COMPANY. 

{Formerly  C.  Garrets  on.) 

Middle    Creek,  west  of   Swatara,  on 

Mammoth,  above  and  below  water  level ; 

Steam-power,  120  horse  ;  capacity,  50,000 

tons    per   annum;    production   in   1864, 


SPRING  HILL  COAL  COMPANY. 
Spring  Hill  colliery :    Allan  Fisher's 
mines,  in  Sharp  Mountain,  above  water 
level ;  production  in  1865, 16,383  tons. 
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SWATAUA  DISTRICT. 

Mo.  71. 

BED  MOUNTAIN  COAL  00. 

Near  Tremont;    Production  in  1865, 

1,710  tons. 

No.  72. 
BEAR  MOUNTAIN  MAMMOTH 

VEIN  MUTUAL  COAL  00. 

J.  A,  Dutter'a  old  place :  On  Primrose 

and  Mammoth,  above  and  below  water 

level ;  steam-power,  200  horse ;  capacity, 

20,000  tons  per  annum. 

Wo.  73. 
J.  A.  DUTTEE  &  CO. 
New  place,  near  Donaldson :    Produc- 
tion in  1865,  8,116  toaa. 

Wo.  74. 

TREMONT  COAL  COMPANY. 

(Formerly   Etien   &  Lomison,   near 
Donaldson.) 

ITie  Estate  of  this  Company  consists  of 
•4,500  acres  of  land,  near  Turnout.  They 
now  operate  three  collieries — those 
formerly  worked  by  0.  Garretson,  {See 
No.  68,)  Etien  &  Lomison,  and  Eorton's 
old  place,  near  Donaldson,  The  veins 
available  are  the  Primrose,  10  feet  thick  ; 
Mammoth,  15  to  30  feet ;  Black  Heath,  12 
feet;  Skidmore,  10  feet,  and  the  interven- 
ing veins.  Total  steam-power,  205  horse. 
Shipments  for  1865  credited  to  the 
former  operators. 

No.  75. 
STEOH  COAL  COMPANY. 
New   company:    Production  in   1865, 
4,251  tons. 

Wo.  79. 
BOKEET  &  CO. 
Good  Spring  Creek  colliery  :  One  mile 
west  of  Donaldson,  on  Mammoth,  above 
and  below  water  level ;  steam-power,  150 
horse ;  capacity,  50,000  tons  per  annum  ; 
production  in  1865,  25,213  toos. 


Wo.  80. 
MILLER,  GRAEF  &  00. 
Three  Lorberry  collieries,  on  Lorberry 
Creek,  above  and  below  water  level,  on 
Mammoth :  Steam-power,  300  horse ;  ca- 
pacity, 150,000  tons  per  annum  ;  produc- 
tion in  1865,  108,961  tons. 

Wo.  81. 

HENRY  HEIL. 

Two  collieries  west  of   Tremont,  on 

Mammoth,  Holmes  and  Primrose,  above 

and  below  water  level :  Steam-power,  200 

horse ;  production  in  1865,  76,900  toBS. 

Wo.  83. 

LORBBBRY  COAL  COMPANY. 

In  Sharp  Mountain,  at  Lorberry: 
Diagonal  slope,  321  feet  in  lengtli ;  angle 
forty  degrees,  on  Mammoth;  steam-power, 
100  horse ;  new  operation ;  production  in 
1865,  2,810  tons. 

No.  84. 

BROAD     MOUNTAIN     MAMMOTH 

VEIN  MUTUAL  COAL  CO. 

Two  miles  west  of  Tremont;  Slope  on 

Primrose,  Mammoth,  Skidmore  and  other 

veins ;  steam-power,  120  horse ;  new  place. 

LYEENS'  VALLEY    DISTRICT 

Nob.  87  and  68. 

SHORT  MOUNTAIN  COAL  CO. 

FRANKLIN  COAL  00. 
Two  collieries :    Now  consolidated  un- 
der one  company,  below  water  level,  on 
Buck  Mountain   vein ;   steam-power,  700 
horse;  production  in  1865,129,973  tons. 

Wo.  89. 
BEAR  VALLEY  COAL  CO. 
New  operation :    Tunnel  to   the  Bear 
Valley  coal,  lower  seams. 


NORTH  MOUNTAIN  COAL  00. 
New  operation  in  Bear  Valley :  Lower 
coal  seams. 
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APPENDIX. 


WOLF  CEEEK  DIAMOND  COAL  COMPANY. 


This  Company  is  located  on  several  of  onr 
most  successful  mines,  including  the  "  Diamond," 
Black  Heath  and  Black  Valley,  formerly  owQed 
by  Gideon  Bast,  Esq.,  and  more  recently  by  Geo. 
H.  Potts  &  Co.  Both  of  these  parties  realized 
handsome  profits  from  their  operations. 

The  coal-beds  now  worked  by  the  Wolf  Creek 
Diamond  Coal  Company,  are  the  Diamond  J,  and 
the  Mammoth  E  E  E,  here  split  in  three  seams, 
which  is  its  normal  condition  west  of  Mine  Hill 
Gap.  Locally  these  splits  are  known  as  the 
"Eeese  Davis,"  "Black  Valley,"  "Black  Heath" 
or  "Fetherick." 

On  the  nest  page  will  he  found  sections  of  the 
Diamond,  lieese  Davis,  and  Black  Valley;  the 
thicknes  of  workable  coal  in  the  two  latter  being 
respectively  from  8  to  10  feet ;  the  benches,  as 
represented,  being  extremely  solid  and  free  from 
impurities.  The  Black  Heath  or  Petherick  (!)  is 
not  represented,  but  the  thickness  of  available 
coal  is  about  the  same  as  in  the  Black  Valley,  or 
from  8  to  10  feet.  It  will  thus  appear  that,  thoug-h 
the  Mammoth  is  here  divided  into  three  seams, 
the  amount  of  coal  is  not  thereby  diminished.  The 
usual  size  of  the  Mammoth  is  25  feet,  and  the  three 
or  perhaps  four  seams  into  which  it  is  divided 
at  Wolf  Creek  ranges  from  24  to  30  feet  in  the 
aggregate.  We  do  not  think  this  division  is  an 
injury,  since  the  coal  preserves  its  splendid  ap- 
pearance, and  many  experienced  miners  are  of  the 
opinion  that  more  coal  can  be  obtained  from  veins 
of  moderate  dimensions,  than  from  excessive  en- 
largements, when  the  respective  thickness  is  com- 
pared ;  that  is — three  seams  of  10  feet  each  will 
produce  more  available  coal  per  acre  than  one  of 
30  feet  thickness,  and — unless  the  larger  bed  is 
favorable  formed  and  stratified — with  more  econ- 
omy. 
These  collieries  are  located  about  one  mile  north 
of  MinTrsvine^on  the  Herbine  and  Wolf  Creek  tracts  principally,  comprising  about 
1000  acres  of  laud  with  a  "  r> 


irly  two  miles  on  the  "  strike  "  of  the  si 
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DESCRIPTION  OF   MINES, 

No.  1  colliery  ia  known  as  the  "old  white-ash;"  No.  2,  as 
the  "Diamond  red-ash;"  No.  3,  as  the  "new  wliite.aah ;"  No. 
4,  as  the  "  Black  Valley  old  slope,"  and  No.  5,  as  the  "  Black 
Valley  new  slope."  The  steam-power  on  these  five  collieries  is 
about  500  horse,  and  their  capacity  200,000  tons  per  annnm. 

The  quality  of  the  coal  from  these  mines  is  excellent,  and 
has  always  stood  very  high  in  market.  The  Diamond  colliery 
on  the  Diamond  vein  produces  red-ash,  which  is  appropriately 
named  "Diamond"  from  its  rich  and  splendid  appearance, 
while  its  combustion  in  grates  and  stoves  ia  perfect.  For  the 
production  of  a  glowing  and  genial  fire,  in  the  open  grate  par- 
ticularly, there  is  no  coal  equal  to  the  Anthracite  red-ash,  and 
none  better  than  that  produced  from  the  Diamond  bed,  or  J 
of  our  nomenclature. 

Between  this  seam  and  the  Reese  Davis  E,  there  are  four  or 
five  workable  beds  or  veins  including  the  Orchards,  which  may 
be  operated  by  tunnels  from  any  one  of  the  Wolf  Creek  col- 
lieries. 

The  Eeese  Davis  is  a  pink-ash  coal,  which  is  rare  for  any 
portion  of  the  Mammsth,  but  the  coal  thus  finds  a  place  be- 
tween the  extra  red-ash  and  the  white-ash  coals,  and  has  been 
found  to  answer  an  admirable  purpose  for  generating  steam 
quickly,  and  for  all  purposes  where  a  great  draught  cannot  he 
obtamed  The  Black  Valley,  Black  Heath  or  Petheriek  are 
white  ash  beds  and  constitute  the  lower  divisions  of  the  Mam- 
moth, and  answer  oveiy  purpose  for  which  the  white-ash 
Anthracites  are  used  while  the  just  celebrity  of  these  coals  in 
market  is  the  best  guarantee  of  their  general  availability  and 
good  character. 


OFFICERS  OF   THE 

WOLF  CREEK  DIAMOND   COAL  COMPANY. 

Presidbkt. 
W.  G.  AUDBNEIBD. 


LEWIS  AtlDENEIED, 

GEORGE  H.  POTTS, 
J.  ROMMEL. 

Superintendent. 
GENL.  J.  E.  SIGFEIED. 


ci  by  Google 


No.  57- 

NEW  BOSTON  COAL  COMPANY. 


BEOAD    MOUNTAIN    BASIN. 

This  magnificent  basin  of  coal  will  be  foHiid  fiillj  described  in  Chapter  XIII, 
from  page  269  to  278.  It  is  an  isolated  deposit,  identical  with  the  Anthracite 
coal  formation,  but  disconnected  from  anj  of  the  grand  divisions  or  fields  forming 
the  Anthracite  regions.  It  ia  rather  nearer  to  the  Mahanoy  or  Middle  coat  field, 
thaD  to  the  First,  or  Southern  Anthracite  field,  and  partakes  more  of  the  general 
character  of  the  Mahanoy  basins  and  coal-beds,  than  of  the  Schnjikill  region ;  but 
we  cannot  justly  assign  it  to  either,  and  have,  therefore,  considered  and  described  it 
as  ft  distinct  formation,  aa  we  hiiye  the  Lehigh  Basins,  which  are  similar  in  extent, 
and  in  the  character  of  their  beds  and  coals. 

The  transverse  section  given  above  illustrates  the  number  and  relative  sizes  of  the 
coal-beds,  and  their  minimnm  and  maximum  dips.  The  character  and  location  of 
the  extensive  improvements  now  being  erected  are  appro xiraately  given,  and  the 
general  style  of  the  works  in  progress  for  the  full  development  of  the  basin. 

It  will  be  noticed  that  a  slope  is  sunk  on  the  Buck  Mountain  bed.  This  slope  is 
of  large  dimensions,  and  is  sunk  420  feet  below  water-level.  At  this  depth,  a  tonne ' 
is  driven  from  the  Buck  Mountain  to  the  Mammoth,  which  will  cut  both  (C)  and  the 
Skidmore.  Bach  of  these  veins  or  beds  is  in  good  workable  condition,  the  first 
being  from  six  to  seven  feet  in  thickness,  and  the  latter  from  nine  to  ten.  The 
accompanying  vertical  section  gives  the  relative  dimensions  of  the  coal-beds,  their 
distances  apart,  and  the  total  depth  to  the  bottom  of  the  basin. 

It  will  be  noticed  that  A,  which  is  seldom  found  in  workable  size  elsewhere,  isjhere 
seven  feet  thick,  and  productive  of  good  merchantable  coal.  B,  or  the  Buck  Moun- 
tain, is  a  fine  bed,  of  18  feet  thickness,  and  the  coal,  thus  far  developed,  is  of  the 
most  splendid  character,  both  in  appearance  and  for  general  use  ;  aa  a  steam  and 
furnace  coal,  it  must  nltimately  become  a  great  favorite  in  the  market. 
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The  Mdoitnotli  here,  however,  is  ffle 
grind  bed  ot  the  Anthracite  regions, 
and.  ranges  as  high  as  seventy  feet  in 
thicl>ne'*s  la  evenly  deposited,  and 
with  none  of  the  imperfections  gene- 
rally attending  the  great  enlargement 
of  this  niagniScent  bed.  We  give 
(Fig.  219)  a  section  showing  its  dimen- 
sions and  divisions,  in  which  it  will  be 
seen  that  tie  amount  of  bone  and  slate 
is  very  limited,  compared  with  the  size 
of  tiie  vein. 

The  works  now  being  erected  by  the 
New  Boston  Coal  Oompauy  on  this 
basin,  are  of  the  moat  complete  and 
extensive  character,  being  designed  and 
executed  by  George  H.  Potts,  assisted 
byhia  superintendent,  J.  LoudenBeadle, 
while  the  massive  and  powerful  en- 
gines required,  aggregating  700  horse- 
power, are  bailt  by  George  W.  Sny- 


der, of  Pottsville.  and  promise  to 
perfect  models  of  mine  machinery. 

The  slope,  engines,  and  breaker,  are 
all  estimated  for  the  production  of 
1,000  tons  of  coal  per  day,  and  we  have 
no  doubt  but  that  double  this  amount 
might  be  produced  from  this  one  dope 
and  mine,  if  desired,  since  twelve  gang- 
ways may  be  driven  in  the  sis  seams  of 
coal  here  available,  and  entered  by  tun 
nels  from  the  main  slope  on  the  Buck 
Mountain.  It  is  designed  to  elevate  a 
train  offov/r  cars  at  once,  which,  on 
arriving  at  the  top  of  the  slope,  runs 
by  gravity  to  and  from  the  top  of  the 
breaker ;  and  at  the  bottom  of  the  slope 
it  ia  so  arranged  that  a  train  can  always  be  in  waiting.  It  is 
thus  evident  that  not  only  1,000,  but  2,000  tons  per  day  can 
be  produced  from  this  simple  slope  on  the  Buck  Mountain  bed, 
B,  a  section  of  which  is  here  presented. 

The  estate  of  this  Company,  in  the  New  Boston  Basin,  com- 
prises about  1,600  acres  of  land,  and  runs  on  the  "  strike  "  of 
the  seams  or  veins  a  distance  of  three  and  a  half  miles,  which, 
of  course,  gives  the  length  which  the  gangways  can  "  run  "  on 
the  same.  The  average  width  of  the  basin  is  about  2,000  feet, 
and  the  depth  from  900  to  1,000  feet.  The  total  thickness  of 
the  coal  is  about  100  feet,  which  will  yield,  under  economical  - 


ig,  nearly  IS 
but  taking  the  average  yield  at  the  safe  estimate  of  100,000  toi 
amount  of  calculation  will  produce  a  vast  array  of  figures  8 
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probable  production  of  this  property.    Wo  hesitate  to  make 
them,  since  the  result  would  scarcely  be  credited. 

The  location  of  this  basin  is  available  to  both  the  Philadel- 
phia and  New  York  markets.  It  is  about  five  miles  from  the 
Broad  Mountain  and  Mahanoj  Eailroad,  which  is  a  feeder  of 
the  Philadelphia  and  Beading  Road,  and  uow  a  branch  of  the 
same.  The  mines  may  be  connected  ■with  this  road  on  easy 
grades,  if  desired. 

A  road  is,  however,  now  in  coarse  of  construction  from  the 
New  Boston  Minos  to  Pelano,  on  the  Lehigh  and  Mahanoy 
road — a  distance  of  about  eight  milea^with  easy  grades.  This 
branch  puts  the  New  Boston  Mines  in  direct  connection  with 
New  York  bj  rail,  with  an  advantage  in  grades  and  distance 
over  the  Mahanoy  Region  generally,  and  neatly  on  a  par  with 
the  Hazleton  Mines, 

OFPICEEa  OF  THR 

NEW  BOSTON  COAL  COMPANY, 

FOE  1865. 


President, 
ROBERT  LENNOX  KENNEDY. 

Treasurer,  &c., 
FRANKLIN   H.   DELANO. 


Directors, 


Ifew  TcrJc, 
B.  L.  KENNEDY, 
GEO.  TALBOT  OLYPHANT, 
GEO.  H.  POTTS, 
JOHN  .JACOB  ASTOli,  ., 
FRANLIN  H.  DELANO, 
EDWARD  DELANO. 


JOHN  M.  FORBES, 
GEO.  B.  UPTON. 
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MARYLAND. 

CUMBERLAND    COAL    EEGION. 

BARTON  COAL  COMrANY. 

The  location  of  this  Coal  Oompaoj  is  at  Barton,  in  Alleghany  County,  Maryland, 
on  the  waters  of  the  George's  Creek,  and  in  the  celebrated  Frosthurg  basin.  The 
towntif  Barton  is  on  the  George's  Creek  Eailroad, 
about  four  milea  above  its  junction  with  the  Balti- 
more and  Ohio  Eailroad  at  Piedmont,  (see  map  of 
the  Cumberland  Goal  Region  on  page  333.) 

The  minea  of  this  Company  are  about  two  miles 
to  the  east  of  the  town,  and  are  opened  in  the  face 
of  a  mountain,  down  which  the  coal  is  conveyed  by  e  self-acting  gravity  plane  of 
1,500  feet  in  length.  From  the  foot  of  this  plane  an  escellent  T  Rail  track  of  7,400 
feet  in  length  leads  tfl  the  dumping  house,  on  the  line  of  the  George's  Creek  Rail- 
road, at  Barton.  The  mine  cars  are  taken  direct  from  the  mines  to  the  head  of  the 
plane  by  horses  or  mules,  and  from  the  bottom  of  the  plane  by  locomotive  power. 
The  capacity  of  the  Barton  mines  is  from  60,000  to  100,000  tons  per  annum.  The 
planes  and  ontaide  flxtures  are  capable  of  doing  a  much  larger  business,  and  it 
seems  to  us  that  the  addition  of  the  adjoining  Ml  Clare  estate  to  the  coal  property 
of  the  Barton  Company  would  be  most  desirable,  since  it  would  enable  the  Com- 
pany to  increase  their  productions  largely,  and  would  make  their  operations  perma- 
nent and  equal  in  production  and  value  to  the  beat  Cumberland  mines.  The  situation 
of  this  property  and  its  availability  for  mining  purposes,  particularly  in  connection 
with  the  Barton  mines  and  improvements,  cannot  fail  to  strike  the  observant  and 
practical  mining  engineer  with  favorable  impressions,  aa  it  did  us,  during  our  late 
visit.  It  would  afford  an  excellent  opportunity  of  opening  the  mines  on  the  Mt. 
Clare  tract  in  a  systematic  and  permanent  manner,  which  is  more  than  we  can  say 
of  any  of  the  mines  in  the  Cumberland  Region.  Though  the  coal  is  mined  reason- 
ably cheap,  it  can  be  produced  at  less  cost,  and  much  mote  coal  can  be  obtained 
from  the  same  area;  while  permanence,  reliability  and  a  constant  large  production 
may  be  secured. 

At  the  Barton  mines,  the  "  Big  Vein"  (Mammoth  E)  is  14  feet  thick,  of  which 
10  feet  is  nearly  a  solid  body  of  pure  coal,  easily  mined  and  productive  of  a  beau- 
tiful cubical  coal,  mostly  lump.  No  coal  can  be  mined  cheaper  than  the  Barton, 
and,  under  ordinary  prices  for  labor,  it  is  estimated  that  the  marketable  coal  can  be 
pat  on  board  the  cars  for  fifty  cents  per  ton  on  a  bnsiness  of  50,000  tons  per 
annum  and  upwards. 

Figure  222,  which  we  give  on  next  page,  is  an  ideal  section  of  the  coal  formation 
across  tie  Frosthurg  basin,  but  represeats  the  position  of  the  Mammoth  (B)  and 
other  coal  seams  pretty  correctly.  It  will  be  noticed  that  the  number  of  seams  and 
their  relative  position  agree  closely  with  the  coal-beds  of  the  Anthracite  measures. 

A  reference  to  our  numerous  sections,  illustrating  the  Anthracite  formations,  will 
demonstrate  clearly  the  identifications  of  the  Frosthurg  "  Big  Vein,"  with  the 
Anthracite  Mammoth,  or  E  of  our  nomenclature.  The  highest  production  per 
capita,  per  annum,  at  the  Anthracite  mines  during  1865  was  300  tons,  or  about 
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one  ton  to  each  person  employed  about  the  mines  for  each  working  day.  At 
the  Broad  Top  mines  the  production  ia  over  400  tons  per  annum,  and  the  English 
production  is  al)ont  500  tons  per  capita,  per  annum.  Of  the  production  of  the  Cum- 
berland mines  we  have  not  suEEcient  date  on  which  to  make  positive  statements, .but 
have  sufficient  to  estimate  it  at  nearly  500  tons  per  annum. 


The  great  size  of  the  Mammoth— which  is  larger  in  the  Frostburg  basin  than  any- 
where  else,  in  the  bituminous  coal  fields,  when  regular  and  in  good  condition— and 
the  peculiar  formation  of  its  nearly  horizontal  strata,  render  it  one  of  the  moat  econom- 
ical beds  to  mine  with  which  we  are  familiar.  No  costly  machinery  for  drainage, 
hoisting  and  preparing  purposes  are  required,  and  the  constant  attending  expenses 
of  deep  mines  are  avoided.  There  is,  however,  a  great  want  of  system  and  mining 
information  manifest  in  all  this  region,  and,  while  the  coat  is  mined  so  cheaply,  the 
coal  mines  are  often  ruined  before  half  the  coal  is  extracted— otherwise  coal  may  be 
mined   in   the   Frostburg   basin    with   more    economy   than   anywhere  else  in  this 


VIRGINIA. 

THE  NEW  HAMPSHIRE  AND  BALTIMORE  COAL  COMPANY. 

The  mines  of  this  Company  are  located  in  Hampshire  County,  Virginia,  near  the 
southwestern  extremity  of  the  Frostburg  basin.     The  mines  are  opened  in  the  side 
of  a  mountain,   in   common   with  nearly  all  the 
Cumberland  collieries  on  the  Big  Vein,  and  the 
coal  is  conveyed  to  the  foot  by  gravity  planes. 

The  coal,  both  of  the  Barton  and  the  Hamp- 
shire mines,  is  beautiful  and  prepossessing  in  ap- 
pearance, while  in  practical  ose  it  is  the  best 
Cumberland  ;  for  many  purposes  superior  to  the  Anthracite,  and  for  almost  every 
purpose— except  the  manufacture  of  iron— the  Cumberland  coal  is  equal  in  effective, 
nesa.  The  great  increase  of  the  Cumberland  coal  trade  during  1865,  of  245,499  tons 
in  a  business  of  903,495  tons,  while  the  Anthracite  trade  decreased  to  a  considerable 
estent,  seems  to  indicate  a  better  appreciation  of  the  value  of  the  Cumberland 
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A  large  conanrnption  of  bitamioons  coal  will  eventually  become  a  neceaaity  in  this 
oouutry,  where  we  have  200,000  square  milea  of  bituminous  to  410  square  milea  of 
Anthracite  coal.  The  natural  increase  in  the  conaumption  of  coal  in  the  United 
States  will  be  much  ^eater  than  the  increase  of  the  British  eoal  trade,  and  the 
present  century  may  witneas  a  production  of  100,000,000  tons  per  annum.  It  ia  now 
over  22,000,000,  consequently  we  shall  be  forced  to  use  bituminous  coal  for  many 
purposes  in  which  anthracite  is  now  employed.  Both  invention  and  improvement 
are  tending  to  such  results,  and  even  the  richest  bituminous  coal  can  now  be  used 
raw  in  the  production  of  pig  iron,  by  the  Scimen'a  process,  with  much  economy. 


BKOAD  TOP  COAL  FIELD. 

SIX-MILK   RUN   COAL   COMPANY. 

CiPiTAL,  §600,000.    Shares,  $20  each. 

JOHN  BOMMEL,  Jk.,  FaiLADEi-paiA,  President. 

This  coal  company  is  located  on  a  magnificent  eoal  estate  of  eleven  hundred  and 
eighty-six  acres,  in  the  heart  of  the  now  celebrated  Broad  Top  coal  field,— the  whole 
tract  being  underlaid  with  the  principal  searas  of  the  region,  and  eatimatcd  to  con- 
tain 20  000,000  tons  of  available  coal,  the  character  of  which  needs  no  commenda- 
tion. The  estate  is  bounded  on  the  north  by  Sis-mile  Run,  and  on  the  west  and 
south  by  Shreeve  Eun ;  and,  since  all  the  coal  lies  above  water  level,  it  is  thus  avail- 
able at  many  points  for  development,  while  the  tract  is  extensive  enough  for  the 
location  of  a  great  number  of  large  collieries.  At  present  only  two,  the  Fulton 
and  North  Point,  are  in  operation,  with  a  capacity  of  from  three  hundred  to  three 
hundred  and  fifty  tons  per  day  ;  but  the  rapidly  increasing  demand  for  Broad  Top 
coal  will  soon  require  the  full  development  of  this  property. 

The  coal  seams  developed  are  the  Fulton,  Barnet,  Cook,  Twin  and  Spear,  with  an 
aggregate  thickness  of  twenty-five  feet  of  workable  coal  All  these  are  above  water 
level:  the  cost  of  developing  them  is  small  the  mining  imprivements  simple  and 
less  than  or>e4enth  the  coat  of  those  erected  on  deep  mine-!  while  the  constant  e^ 
pense  of  heavy  machinery  is  avoided  Each  man  employed  will  pro  luce  over  four 
hundred  tons  of  coal  per  annum,  which  is  one  hundred  tons  more  than  the  average 
production  in  the  anthracite  region. 

The  development  of  the  Broad  Top  ooa,l  field  is  ol  a  comparaiively  recent  ditt  — 
1856.— yet  the  increase  of  its  coal  trade  is  unprecedeutedly  gre^t  and  now  exceeds 
300,000  tons  per  annum,  with  a  capacity  of  double  that  amount  Then,  are  many 
fine'  coal  estates  in  this  field,  but  we  think  there  are  none  more  promising  than  that 
of  the  Six^ile  Eun  Goal  Company 
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PRICE  OF  ANTHRACITE  OOAI.. 

Prepared  ty  TFm,  G.  Neilson. 

Price  of  Schiijikili  White-Ash  Lump,  per  too  of  2240  lbs.,  by  the  cargo  at  Phik- 

delpbia.    Averaged  moathly  from  weekly  quotations  ia  Philadelphia  Commercial 

List  and  Price  Current. 


Jan, 

.... 

Uueh 

April. 

Msy, 

- 

^ 

Aug. 

8Bpt, 

^ 

^ 

^. 

ffl 

1829 

. 

7.50 

7.50 

7.25 

7.42 

1830 

7.25 

7,25 

6.00 

5.75 

5.75 

5.75 

5.75 

5.76 

5.75 

5.75 

6.08 

1831 

1832 

1833 

6.00 

6.00 

5,50 

5,25 

6.25 

5.26 

6.26 

5.18 

4.88 

4.88 

1834 

4,87 

4.87 

4.87 

4.87 

4.87 

4.87 

4.87 

4.87 

4.87 

4.87 

4.87 

4.50 

■484 

1835 

4.56 

4.56 

4.56 

4.56 

4,60 

4.63 

4.63 

4.68 

4.88 

4.90 

5.03 

6.47 

4.84 

1836 

7.70 

7.44 

7.31 

6,58 

5.38 

5.60 

5.50 

6.19 

6.4V 

6.50 

7,13 

8.05 

6.64 

1837 

8,25 

8.25 

8,04 

6.78 

6.50 

6.38 

6.10 

6.00 

6.00 

6.09 

6.13 

6.!3 

6,'i2 

1838 

6.13 

5.91 

5.28 

5.25 

5.16 

5.13 

5.13 

5.13 

5.10 

5.00 

5,00 

5.00 

6.27 

1839 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

6.00 

5.00 

5,00 

a.OO 

5.00 

■5.00 

1840 

6.00 

5.00 

5.00 

5.00 

5.00 

4.63 

4.63 

4.63 

4.66 

4.95 

5.06 

5.34 

491 

1841 

6,40 

7.00 

6.44 

5,88 

5.69 

5.17 

5.13 

6.27 

5.56 

5.63 

5.63 

5.63 

5,79 

1843 

5.63 

5.56 

5.06 

4.38 

4.03 

3,88 

3.83 

3.60 

3.56 

3.61 

3.66 

3.56 

4.18 

1843 

3.25 

3.25 

3.25 

3.25 

3.26 

3.25 

8,25 

3.25 

3.25 

3.25 

184i 

3.50 

3.33 

3.10 

3.02 

3,00 

3.03 

3.13 

3.21 

3.26 

3.26 

3.27 

3.26 

3.20 

1845 

3.26 

3.26 

3,27 

3.31 

3.31 

3.31 

3.44 

3.44 

3.69 

3.74 

3.76 

3,81 

3.46 

1846 

3.81 

3.75 

3.72 

3.84 

3.87 

3.97 

4.00 

3,94 

3.96 

3.88 

4.00 

4.00 

3.90 

1847 

3.81 

3.81 

3.81 

3,60 

3.63 

3.69 

3.83 

3,95 

3.88 

3.88 

3.88 

3.80 

1848 

3^90 

3.90 

3.58 

4.44 

3.37 

3.29 

3.33 

3.56 

3.46 

3.41 

3.29 

3.36 

3.60 

1849 

3.36 

3.36 

3.46 

3.62 

3.62 

3.86 

3.88 

3.81 

3.75 

3.69 

3.57 

3.60 

3.62 

1850 

3.50 

3.50 

3.40 

3.31 

3.25 

3.25 

3.25 

3.25 

4.26 

4.25 

4.26 

4.25 

3.64 

1851 

4.28 

4.13 

3.56 

3.31 

3.10 

3.00 

3.00 

3.05 

3.17 

3.20 

3.25 

3.00 

3.34 

1852 

3.18 

3.47 

3.40 

3.44 

3.44 

3.45 

3.45 

3.50 

3.56 

3.66 

3.66 

3.50 

3.46 

1863 

3.42 

3.44 

3.45 

3.47 

3.47 

3.47 

3.47 

3.64 

4.03 

4.19 

4.19 

4.10 

3.70 

1854 

4.50 

4.50 

3.26 

4.39 

4.81 

6.16 

5.56 

6.00 

6.00 

5.81 

5.68 

5.60 

5.19 

1855 

5.60 

5.28 

4.53 

4.50 

4.60 

4.45 

4.28 

4.19 

4.19 

4.19 

4.16 

406 

4,49 

1856 

4.06 

4.25 

4.25 

4.25 

4.05 

4.50 

4.00 

400 

4.12 

4,13 

4.10 

408 

4.11 

1857 

3.92 

3.92 

3.92 

3.89 

3.85 

3.85 

3.88 

3.87 

3.85 

3.82 

3.82 

3.82 

3.87 

1858 

3.83 

3.83 

3.77 

3,47 

3.23 

3.23 

3.26 

3.25 

3.32 

3.32 

3.32 

3  30 

3.43 

1859 

3.28 

3.38 

3.34 

3.20 

3.20 

3.20 

3.20 

3.20 

3.19 

3.20 

3.34 

3.29 

3.25 

1860 

3.28 

3.29 

3.30 

3.30 

3.23 

2.31 

3.36 

3.39 

3.60 

3.53 

3,62 

3.63 

3.40 

1861 

3.63 

3.63 

3.50 

3.24 

3.22 

3H9 

3.37 

3.40 

3.35 

3.33 

3.33 

3.33 

3.39 

1862 

3.33 

3.33 

3.11 

2.78 

a.78 

3.64 

4.58 

4.85 

4.98 

5.22 

ij.50 

6.63 

414 

1863 

5.38 

5.25 

4.63 

4.76 

5.50 

5.80 

6.25 

6.50 

6,75 

7.25 

7.50 

7.13 

6.06 

1864 

7.10 

6.75 

6.59 

7.20 

8.34 

9,78 

10.75 

10.13 

8.90 

8.88 

8.38 

8,39 

1865 

8.38 

8.38 

8.63 

8.10 

6!75 

6,26 

6.03 

6.50 

8.32 

8.93 

8.81 

8,25 

7.86 

1866 

7.94 

7.75 

1 

NoTR.~-We  find  no  reliable  date  on  which  to  found  an  extension  of  the  above 
chart  further  back  than  1829  ;  but  may  note  the  price  of  coal,  at,  intervals,  from  the 
commencement  of  the  anthracite  trade.  Anthracite  coal  was  aoid  at  Marieta,  on  the 
Snaquehaana,  for  blacksmith  purposes,  at  $8  and  $9  per  ton,  from  1810  to  1814.  In 
Philadelphia  the  first  Lehigh  coal  wag  sold  to  Messrs.  White  &  Hazard  in  the  spring 
of  1814  for  |21  per  Ion;  and  in  1820  three  hundred  and  sixtj-flve  tons  were  sold  for 
$8.50  per  ton.  From  1822  to  1824  the  prices  of  Lehigh  coal  ranged  from  ^8.40  to 
$10  per  ton,  and  during  1826-27  the  prices  of  Schuylkill  coal  ranged  from  $1  to 
$7.50  per  ton. 

The  above  table  was  prepared  with  much  labor  and  care  by  Mr,  Wm.  G.  Neilson, 
as  a  statistical  chart  for  the  nse  of  the  American  Iron  and  Steel  Association.    He 

froposes  to  print  it  in  four  colors  and  handsomely  mounted  on  rollers  for  reference, 
t  will  be  issued  in  June. 


ab,Google 


782  STATISTICS   OF   PETROLEUM. 

SECTION  IV. 

STATISTICS  OP  PETROLEUM. 

Rock-oil,  or  Petroleum,  has  so  wonderfully  and  so  suddenlj  assumed  a  promineiit 
position  among  our  mineral  resoarces,  for  we  can  assign  it  no  other  position,  that 
the  statician  has  been  anable  to  keep  pace  with  the  development ;  and,  while  the 
production  has  grown  from  little  to  much,  at  a  rate  beyond  precedent,  the  demand 
and  consumption  has  been  equal.  The  increase  of  this  trade  is  one  of  the  wonders 
of  the  age.  It  reaches  to  almost  every  civilized  city  or  country  throughout  the 
world.  In  almost  every  family,  outside  of  the  cities,  it  forces  its  way  as  the  cheapest 
and  most  pleasing  light  that  can  be  produced,  except  that  from  gas,  and  in  all  the 
trades  and  mechanical  professions  it  has  made  a  footing.  Yet,  within  five  years,  it 
was  hardly  known  as  aa  article  of  commerce ;  but,  within  that  brief  time,  it  has 
become  a  leading  article  in  the  foreign  trade  of  the  United  States.  Though  it  has 
existed  in  the  bowels  of  the  earth  for  untold  ages  before  the  creation  of  man,  and 
betrayed  its  presence  by  thousands  of  signs  in  as  many  places,  its  availability  was 
reserved  for  the  present  necessity, — the  requirements  of  the  present  times. 

The  production  of  coal-oil  and  petroleum  has  become  a  permanent  pursuit, — as 
much  a  business  as  the  mining  of  coal,  or  the  production  of  iron ;  and  one  that  must 
continue  to  increase,  but  with  more  reliability  and  practical  knowledge  than  in  the 
past.  While  we  are  supposed  to  grow  wiser  and  more  skilled  bj  esperience  and  the 
aid  of  science,  we  appear  to  be  less  prudent  and  more  excitable.  The  number  of 
dupes  who  were  fleeced  by  the  oil  speculation  are  legions;  yet  the  smallest  amount 
of  prudence  would  have  saved  the  "sharpest  New  Yorker,"  or  the  "smartest  down 
Easier"  from  misfortune  in  courting  the  favors  of  the  fickle  goddess,  called  no  more 
Fortune,  but  Petrolea. 

A  reckless  trust  to  chance  or  luck  was  the  governing  principle  a  year  ago,  in  mak- 
ing investments  in  oil  stocks.  No  gambling  could  have  been  more  precarious ;  be- 
cause both  Fortune  and  Mercury,  the  god  of  rogues,  were  to  be  waited  on  and 
trusted.  More  prudence  and  leas  haste  might  have  saved  8500,000,000  to  the  money 
bags  of  capital,  but  it  would  have  been  lost  to  the  barren  hills  of  Venango  and  the 
hungry  speculator.  While  part  of  it  has  been  sunk  in  bottomless  oil  wells  to  the 
vision  of  hapless  stockholders,  it  nevertheless  bore  fruit,  and  has  gone  forth  among 
the  people,  circulatmg  fiom  pocket  to  pocket,  building  cities,  railroads  and  engines, 
and  creating  oil  k  ngs  from  the  poor  dwellers  of  those  once  despised  barrens,  now 
ycleped  Petrolea 

Henceforth,  perhaps  experience  and  practical  skill  may  be  made  useful  in  seek- 
ing for  oil;  while  bCienoe  cin  if  put  to  the  tisk  unravel  many  of  the  mysteries 
which  now  seal  those  deep  fountaini  ot  oil  and  gxs  from  the  eye  and  mind  of  thou- 
sands, whose  anxious  ken  would  penetrate  Iheir  secrets  Bat  ordinary  prudence 
will  be  suf&cient  it  practiced  to  make  the  produftion  of  petroleum  aa  certain  and 
successful  as  the  mining  of  coal  oi  the  many  mochanieai  parsuits  of  the  day.  Those 
who  are  willing  to  risk  a  few  thous-indB  with  the  chance  of  realizing  two  or  three 
hundred  per  cent  may  still  experiment  as  they  will  lud  with  benefit  to  the  country 
by  new  developments ,  but  those  who  would  invest  m  the  business  with  tie  expecta- 
tions of  realizing  a  fair  profit,  will  select  their  timtory  with  great  care,  and  sink 
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their  wells  with  economy— persevering  anti!  rewarded.  There  is  a  wide  field  for  the 
busittess,— from  the  Northwest  of  Pennsylvania  to  Eastern  and  Weatern  Kentucky, 
if  ntt  larlher— ani3  from  the  waters  of  the  Alleghany  and  Ohio  to  within  a  hundred 
miles  of  the  eastern  esoapemennt  of  the  Alleghany  mountains.  Within  this  wide 
srea  there  are  thou  an  la  of  localities  where  oil  may  be  found  in  paying  quantities, 
and  in  all  J  rohabilitj  some  spots  as  productive  as  Venango.  Experienced  oil  men 
will  not  seek  oil  on  the  tops  ot  mountains,  nor  expect  to  find  much  in  the  coal 
measures  abo\e  the  millstone  grit.  But,  within  the  territory  mentiooEd,  there 
are  thousands  of  places  not  yet  developed,  where  oil  can  and  will  be  found,  with 
remuneration  to  the  finder 

In  Chapter  XX\  on  Petroleum  we  gave  our  views  on  the  peculiarities  of  rock- 
oil,  and  the  ways  and  means  of  judging  of  its  available  existence.  But  we  may  add 
here,  that  the  flow  of  gas  from  oil  wells  ought  to  be  stopped  or  checked,  if  possible, 
both  in  the  course  of  boring  and  afterwards;  since  there  can  be  no  doubt  but  that 
much  of  the  oil  escapes  in  this  manner,  while  the  gas  is  the  motor  to  force  up  the 
oil,  and  without  it  a  flowing  well  cannot  exist. 

Hundreds  of  abandoned  wells  are  still  emitting  gases,  and  thus  tapping  the  sonrees 
of  supply  and  diifiinishing  the  ultimate  production.  When  we  say  that  more  than 
half  the  oil  escapes  as  gas,  we  are  certainly  within  the  fact,  and  ean  give  no  better 
illustration  of  the  waste  than  to  state  that  at  least  3,000.000  barrels  of  oil  are  now 
escaping  per  annum  as  gas.  We  make  this  statement  after  a  careful  examination 
and  a  pretty  careful  estimate  of  the  gaseous  volume  of  hydrocarbon  as  compared 
with  the  fluid.  Much  of  this  waste  can  be  checked  by  a  careful  stepping  of  all 
abandoned  wells,  by  filling  them,  first  with  a  wooden  plug  at  the  depth  of  a  hundred 
feet,  or  more,  and  above  that  with  pounded  earth.  The  flow  of  gas  may  also  be 
checked,  in  sinking  wells,  by  several  devices  to  fill  the  cavities;  but  perhaps  the 
best  plan,  where  the  flow  is  great,  will  be  to  reduce  the  gas  to  oil  by  mechanical  and 
chemical  means,— a  mode  of  accomplishing  which  has  been  patented  by  the  wril«r. 

PRODUOTION  OF  PBTROLBUM. 

The  daily  production  of  petroleum  in  Venango  County  is  stated  at  10,000  barrels 

for  1866,  while  the  total  production  of  Pennsylvania,  Western  Virginia  and  Kentucky 

is  estimated  by  good  judges  to  be  about  13,000  barrels  per  day,  or  over  3,000,000 

barrels  per  annum.    In  the  two  past  years  the  figures  are  thus  : 

Production  of  1864 2,130,000 

1865 2,232,8';8 

Estimated  for  1866 3,000,000 

COMPABATIVB  BXFOETS  OF  FETROLBUM. 

New  Yo^'. 19,674,897 21,332,974 14,393,586 

Philadelphia 4,939,708 7,760,148 12,714,586 

Boston ^,048,720 1,096,307 1.438,978 

Baltimore 1,003,833 929,971 973,117 

Other  places 142,261 100,000 

27,667,158  31,261,661  29,720,266 

The  exports  during  1862  were  10,887,701  gallons. 
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We  republish,  from  the  New  York  Shipping  and  Commercial  Ust.  the  exports 
from  New  York  during  1864,  and  points  of  exports. 


To  Liverpool 734,755 

LondoQ 1,430,710 

Glasgow,  &c 368,402 

Bristol 29,124 

Falmonth,  Eng'd.    316,402 
Gran  gem  oalh, 

England 

Cork,&c 3,310,362 

Bowliiig,Englfliid      87,164 

Havre 2,324,017 

Marseilles 1,982,075 

Cettc 4,800 

Dunkirk 232,803 

Dieppe 79,581 

Rouen 

Autwerp 4,149,821 

Bremen 991,905 

Amsterdam 77,041 

Hamburg 1,186,080 

Eotterdara 632,926 

Gottenburg 33,813 

CouBtadt 400,376 

Cadiz  &  Malaga.      55,674 
I'arragona      and 

Alicante 16,823 

Barcelona 25,500 

Gibralter 69,181 

Oporto 17,474 

Palermo 7,983 

Genoa& Leghorn    635,121 

Trieste 165,175 

Alexandria,Egy't        4,000 


2,156,851 
2,576,331 

414,943 
71,912 

623,176 

425,334 
1,532,257 

1,774,890 
1,167,893 


143,646 
2,692,974 

903,004 

436 

1,466,155 

757,249 

88,060 
33,824 

33,000 

308,450 
2,339 
57,11.5 

399,674 
3,000 


Canary  Islands.. 
Madeira 


167,195 
3,358 


China  and  East 
Indies 

Australia 

Otago,N.Z 

Sidney,  N.  S.  W. 

Mexico 

Caba 

Argentine  Re- 
public   

Cisalpine  Repub- 
lic   


25,195 
377,884 
10,810 
97,880 
149,676 
112,986 
418,034 


Chili. . 


British  Honduras 
Uritish  Guiana. . 
British  West  In'a 
British  N.  Ameri- 
can colonies ,. 
Danish  West  In's 
Dutch  West  lad's 
French  West  In's 

Hayti 

Central  America. 

Venezuela 

New  Granada. . . 
Porto  Hico 


78.552 
96,550 
169,061 
6,072 
7,881 
70,976 


28,583 
56,490 
20.026 


364,942 
12,2.30 

304,166 
5,500 
48,013 

160,152 
69,481 

356,436 


20,260         24,470 


117,626 
66,550 

256,407 

440 

15,104 

60,931 

16,995 
31,503. 
12,143 
9,104 
12,064 
456 
15,455 


Total  gallons 21,280,489     19,547,604 

ATEEAGB  FEICES  OP  PETROLEUM  IN  1864  AT  NEW  YORK  AND 


PHILADELPHIA* 


Ififrr  gallon.) 

January 31^  e 

February 30i 

March 81J 

April 37,3; 

May 38 

June 44J 


(pei 


.lion,) 

52 1  eentfl. 
55S      ■' 
59i      " 
64^    " 
65J      " 


July 52t'j 

August 52| 

September 46^'^ 

October 40§ 

November 45j'5 

December 52§^ 


87i 


Average  for  1864 41. Si 
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DESCRIPTION   OF   FURNACES. 


ST.  GLAIR  FUKNACE. 

JAMES  L.ANIGAN,  PnoFiiiErOK,  FoUsvUle,  Fa. 

This  furnace  was  originally  erected  bj  Burd  Patterson,  Esq.,  for  the  purpose  of 
using  the  ores  of  the  Anthracite  coal  measures,  but  no  proper  or  sjstematic  effort 
has  ever  been  made  to  mine  them  with  economy,  though  tliej  ere  equally  as  rich 
and  araitable  as  the  iron  ores  of  the  Welsh  coal  fields,  and  may,  aud  will,  yet  be 
need  in  our  Anthracite  furnaces  as  the  most  Judicious  miicture  for  the  more  refractory 
magnetics. 

The  iron  ores  of  our  coal  measures  ore  chiefly  the  carbonates,  with  a  small  per 
centage  of  the  carbonates  of  manganese,  lime  and  magnesia.  The  amount  of 
metallic  iron  ranges  from  thirty  to  sixty  per  cent,  as  an  average.  The  cost  of  min- 
ing these  ores  in  South  Wales  is  about  one  dollar  and  fifty  cents  per  ton,  and  the 
cost  of  calcining  less  than  fifteen  cents  per  ton.  With  miners'  wagea,  at  double  the 
Welsh  prices,  our  ores,  yielding  forty  per  cent.,  may  be  placed  at  the  furnace  for 
$2.50  per  ton,  which  is  much  less  than  the  cost  of  magnetic  and  hematetic  ores, 
estimating  a  proportionate  yield. 

The  iron  ores  of  our  coal  measures,  therefore,  may  be  considered  of  immense 
future  importance  to  the  iron  mauufactureTs  of  the  Anthracite  T^ons,  siace  it  is 
not  onl^ioh  and  accessible,  but  inexhaustible. 

Over  10,000  tons  of  this  ore,  mined  in  the  vicinity  of  the  St.  Clair  furnace,  were 
smelted  at  the  Pioneer  furnace,  Pottsville,  with  the  most  excellent  results,  and  the 
metal  was  sold  for  the  production  of  hollow  ware,  at  nearly  double  the  price  which 
common  Anthracite  pig  then  commanded. 

A   revxilutlon  is  taking  place  in  the  iron  and  steel  business,  and  the  old  tedious 

and  costly  processes  are  being  overwhelmed  by  new,  direct  and  economical  methods 

50 
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In  a  word,  the  pneumatic  proceas  is  now  fairly  established,  and  it  has  been  demon- 
strated beyond  &  doubt,  that  steel  and  homogenous  iron  can  be  made  by  thia  method 
with  more  economy  than  common  puddled  iron.  These  new  processes  can  be  put  in 
operation  at  St.  Olair  with  more  economy  and  profit  than  almost  any  other  part  of 
this  counlrj,  or  perhaps  the  world.  Coal  is  the  largest  item  of  the  raw  material  in 
the  elaboration  of  iron  and  steel  to  its  useful  forms,  and  here  the  best  and  purest 
coal  is  more  available  than  elsewhere  outside  of  the  Anthracite  regions.  It  requires 
from  five  to  sis  tons  of  coal  to  produce  a  ton  of  iron  or  steel  rails,  while  three  tons 
only  of  ore  and  flux  are  required;  consequently  it  is  cheaper  to  eooTey  the  ore  to 
the  coal  than  the  coal  to  the  ore.  But  from  one-third  to  one-half  the  ore  may  be 
obtained  from  the  coal  measures  in  the  vicinity  of  the  furuace  with  improvement  to 
the  "  make ;"  therefore  it  is  evident  that  iron  and  steel  can  be  manufactured  not 
only  with  economy  at  St.  Clair,  but  they  can  he  elaborated  to  the  more  useful  forms 
with  the  maximum  of  profit,  since  coal  is  the  great  item  in  these  operations,  and 
here  coal  is  plentiful,  convenient  and  cheap  The  facilities  for  transportation  are 
equal  to  all  the  requirements ;  the  markets,  east  and  west,  north  and  south,  are  open 
by  the  most  direct  routes,  while  the  beat  bituminous  coal  of  the  Alleghanies  is  easily 
accessible  over  the  Philadelphia  and  Erie  Eailroad  via  Sunbury  and  Shamokin,  or 
Catawissa  and  Taniaqua.  Bitnminoua  coa!  is  therefore  more  available  at  St.  Clair 
than  at  Beadiug,  or  even  at  Harrisburg.  In  fact,  there  is  no  other  locality  where 
the  general  availabilities  are  superior;  wbere  the  best  furnace  coals  are  more  acces- 
sible, and  no  other  place  where  the  natural  advantages  of  site,  ground  and  building 
facilities,  are  more  desirable  for  the  manufacture  of  iron  and  steel  than  St.  Clair. 

MIMERS'  SAFETY  EAMPS. 

A  supply  of  Minora  Safety  Lamps  of  the  most  approved  patterns  for  working 

gaseous  mines,  made  of  inspected  wire,  for  sale  by  the  quantity  or  single  lamp  at  the 

lowest  rate.   Also  gauzes  of  iron   or  copper  for  lamps  already  made,  and  wire  gauze 

for  lamps  or  other  purposes,  by  the  roll  or  yard,  always  on  hand. 

B.  BAnrniAiv. 


HENRY  PLEASANTS, 

CIYIL   AND   MINING   ENQINEEE 

Smveys  and  inapectH  OoUeries,  examinea  Mineral  and  Goal  Oil  Lands. 

Office,  BAMWAIV'S  BIIII,»IJVCi, 

POTTSVILLE,  SCHUYLKILL  COUNTY,  PA. 


P.  W.  SHEAFER, 
GEOLOGIST  AND  ENGINEER  OF  MINES, 

POTTSVIllE,   PESSSYIVASIA, 

(late  of  tbe  PBuniylvania  Btat«  fleologinal  Survey), 

EXPLORES   MINERAL   LANDS,  MINES,  &0 
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S.  HARRIES   DADDOW, 

Ir^ctical  Mintx  antr  Engineer  ai  Mints, 


A  long  and  practical  experience  in  the  Anthracite  and  BitnminouB  Coal  FieldB  and  the 
Iron  depoBita  of  both  North  and  South,  enables  me  to  offer  niy  serTicra,  confidently,  to  alt 
persons  interestfid  in  mineral  lands,  for  exploring  or  developing  the  same.  In  locating 
abd  developing  mines,  deelgnlng  improvements  and  machinery,  or  erecting  Bloomeries, 
Blast  Furnaces,  Steei  Worlia,  Copper  Furnaces,  Ac,  &o. 

Also,  for  the  Jadicions  selection  of  Oil  Territory,  and  the  location  of  Oil- Wells,  Oil- 
Works,  &o.,  &o. 

A  weekly  jonrnal  devoted  to  the  interests  of  the  coal  trade,  and  for  forty  years  the 
ackoowledged  orgaa  of  the  Anthracite  Miners  and  Shippers. 
St^scription  price  $2.75,  in  advance. 

The  Journal  nas  a  large  circulation,  aud  is  an  excellant  medium  for  adveHisers. 
Address 

BCNJAIHIIV  BAHTIVAIV, 

Editor  and  Proprietor,  Pottsville,  Pa. 

Mauch   Chunk,  Carbon  County,  Pa. 

Mauufactarer  of  flat  and  round  iron  and  steel  wire  rope  for  inclined  planes, 
bridges  and  ship  rigging,  etc.,  etc.     And  all  descriptions  of  wire. 

The   following  instroctive  table,  furnished  by  Mr.  Hazard,  shows  at  a  glance  the 

value  of  his  wire  ropes  over  cordage,  chains,  &c.,  Ac,  for  miniag  purposes  especially. 

Table  of  Relative  Practicai  Working  Strength  of  Ropes  and  Chains. 
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TKE  PATENT  EXHAUST  FAN 

VENTILATOR, 

Mines,  Tunnels,  and  all  Subterranean 
Workings. 


ayma  from  fifty  to  one  h 
to  the  funii  i,  mctliod,  aii 
and  appllcatloQ.    The  oE 

aasiated  by  the  weight  of 
in  which  its  weight,  or 
oolnmii.  ThlB  is  the  gros 
us  that  scarcely  a  limit  c 
The  inventor,  Mr.  Beadle, 
mioiug  engineer  of  groat 
The  following  extracts 
■<IiiiiirreetnsKjUii.t  then 


J.  LOUDEN  BEADLE,  Patentee,  Ashland,  Pa, 
J.  E.  SIGIEIED,  Agent,  PottsTiile,  Pa. 

This  system  differs  from  all  other  appliances  for  mine 

ventilation  Iq  stveral  essential  properties;   1st.  It  has 

the  advantage  over  all  the  French  and  Belgian  modes,  in 

greater  simplicity  of  style  and  economy  of  operation, 

lundred  per  cent,  in  motive  power.    Is  superior  in  every  respect 

id  difTers  from  all  tlie  English  mechanical  modes  both  in  economy 

■orts  of  the  Ean  are  exert«d  entirely  on  the  ni 


fourteen  pounds  per  square  inch,  acted  agai 

,t  secret  of  the  invention,  and  both  science  and  ojperlf 

an  be  placed  to  the  extent  or  power  of  this  system  of 

practical  miner,  of  long  and  varied  experii 

ability. 

from  numerous  testimonials  fully  endorse  this  system 


It  ii 


the  ventilating 


■'W,  H.  SHEAFBR, 
"  G™.'1  Sujjf  Mamiaoth  Vein  (!aa.  Coal  Compaiii/.' 


GEO.  S,  KEPPLIER, 


n  CaUieri^." 
1,  March  IVh,  1866. 


■■This  t«  U,  c«-t!fT,  thiil  w,  have  osrf  the  PMent  BIhl^»^  of  J.  LnudM  Be^lB'a  ''"■  "' ™' ^'["^ 
CoUlorr.  siiiM  October  last.    It  gives  perfMl  ^allstMllon  Ln  every  particular.    I  im  satisfleil  that  it  U 


This  system  of  ventilation  is  now  In  succesetul  operation  at  the  following  prominent 
and  extensive  collieries :  Locust  Dale,  Keystone,  Pioneer,  New  Boston,  Big  Mine  Bun, 
Locust  Mountain,  Locust  Run,  Tunnel,  Gilberton,  Tunnel  Ridge,  Girard,  Wolf  Creek 
Diamond,  Hickory,  3t.  Clair  Shaft,  Duncan,  Ac. 


ci  by  Google 


GEORGE  W.  SNYDER, 

PottsviUe,  Schuylkill  Co.,  Pa. 

MAKUFAOTUREB   OF 


Mines,  Gbal-SreaRers,  Pkea,  ffiast-Furnaces,  Bolliits-lills,  etc.,  etc. 


"CORNISH"  MB  "BILL" 

PDMPIHG 

iTFTiNC  m  ymm 
:F>xJAd::F's 

Heaviest   and  Moal  A[ipr<»ed 

Kindii   Fnr  IHiiiLn^  and 

oilier  parpuse^, 


.inder.  10-feat  Htroka, 
itonCoBiCompnaj-,  a 


Ok  largett  (n  the  orantry ;)  the  ■'CorniaL-BaU,"  at  Loousl  l>»l3.^n  Bru]^''J,j"n"''S''£,'^ai^J^J'l*(i  ^nd 
^ileli'"pi't°l.    -V^hUB'^  would  Mli'^arti'o^ar%tleBlion  to  tlio  massive  and  BflMlantlil  Engines  snd 
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WASHINGTON  IRON  WORKS, 

JAMES  WREN,  Proprietor, 


MASTOPACTURKR    OP 

Hines,  RDlliDg:-Mills,  Blast-Furnaces,  Saw-Hills,  Grist-Mills,  k. 

ooA-x.  Etn.:E!A.ir:Ej:Ei.s, 

LIFTING  PUMPS,  ot'allMies,  for  mininB'and  other  purposeB. 

CASTIKTO-S, 

all  kinds,  tor  Mines,  Katlrouds,  Parnacea.  MilU,  &c.,  wilh  Stesm  Boilars  of  the  best 

.arcoal  plate,  sad  BLACKSMITHS'  WORK,  ol  eveiT  description. 

«-  HEPAIBS,  at  Mines,  Purnacee,  Mills,  ic,  made  by  oompeleut  meobaBles,  it  the  sliortast  notice, 

HiUlng  a  very  large  and  select  lot  of  Patlarns,  of  overj  style  of  new  aud  old  Mining  Engines,  Cog-Wheala,  i«., 

.t,.  ii.,,ii... . . v,,j  ._  -epiaca  ilmost  any  piece  o[  minlnB  machinery  (0  order. 


With  Blllhelatelinpi 


"o™tlj'"undertbTp'™^nrp™p^letor?J^ot  JaniM  Vren,  who  was  one  of  the  old  firm.    The  ptoductioni  of 

Coal  ami  Iron  Co. ;  the  Mammoth  Vein  Con.  Coal  Co..  In  the  MahanoT  Valley;  the  Horffeglia  Coal  Co. ;  lb« 

KoUing  Mills. 

TlieTiulldings  of  the  Washington  Iron  Woriis  oonsHt  of  one  machine-shop  60 1 12S  feet ;  fniindry,  BO  i  flO; 

more  substantial  and  afi^ctlve  maunei  tbau  such  machinery  can  be  ptosored  outside  of  the  Anthiacite  Beglaua. 
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THE    PIONEER    FURNACE, 


AT  POTTSFIi-tr 


is  the  oldest  Anthracite 
Fomace  in  tlie  United 
States,  and  as  its  name 
Impiies,  tbe  fl  st  to  aae 
Antliracite  eoal  iu  til  a 
conntrj.  It  1b  now  in  the 
possession  of  the  Messrs 


nil 


fnmaoe  adjoining 
who  produce  a  sap  ur 
grade  of  p  g  ron  The 
PottBTille  Roiling  M  s 
also  owned  and  ope  a  cd 
bj  this  firm  who  have 
had  much  expenen  e    n 


the  i 


ng    he 


metal,  they  i 
turn  ont  fl  st  maoo  1 1">  " 
of  aii  siaes  and  patterns 
from  33  to  64  p  unda  pei 
yard,  at  the  lowest  n  ar 
ket  prices  and  a  sho  I 
notice,  A  s  pply  of  «  e 
ralU  for  col  lery  purpose 
ia  alwayR  0  htnd  and 
orders  are  reee  t  d  for 
the  usual  b  zes  of   mer 


ATKINS    I.UOITII  U-. 

Rottsville,  Pa. 


GRANT    IRON    WORKS. 

mahanoy  City,  Schuylkill  Counly,  Fa. 

THOMAS  WREN,  Proprietor. 

Laic  of  the  oid  and  wdl-known  firm  of  WREN  &  BROTHEK,  of  tlic 
WASHIB&ION  lEOI  WOEKS,  POTTSVILLE, 
Tiese  new  worlts  have  been  erected  with  much  care,  and  provided  with  the 
latest  unprovements.  The  long  and  practical  experience  of  the  Proprietor  in  the 
Iron  business,  has  enabled  him  to  provide  means  to  produce  all  kinds  of  the 
heaviest  mine  castiugs,  and  to  select  the  licst  modern  tools  for  the  production  of 
mining  and  other  machinery. 

STEAM-ENGINES,  PUMPS,  BREAKERS,  ETC.,  ETC. 

He  is  now  prepared  to  manufacture  Steam-engines  of  all  kinds  for  Shafts,  Slopes, 
Planes,  Breakers,  Blast  Furnaces  and  Rolliag  MUls,  Coenish  and  Bttx.!.  Pumping 
Enqisbs,  and  douhle  and  single  acting  Pumfs  of  every  variety,  for  mining  and 
other  purposes.  Steam  boilers  of  all  kinds,  and  of  the  best  charcoal  iron,  made  to 
order  at  short  notice,  and  castings  of  all  sizes  and  descriptions  produced  promptly. 

Repairs  of  Colliery  machinery,  or   Engines,   Boilers,   Breakers,   Pumps,   &c., 
attended  to  and  executed  with  the  gveatest  dispatch  by  competent  mechanics. 
Address, 

THOMAS  WREN, 

Mahanoy  City,  Pa. 
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LANiNC    t(    MARSHALL, 

Wilbesbarre,  liuzerne  Co.,  Pa,, 

rouiDEe!),  mum.  m  boiur  mtKiRS, 


STEAM  EHGINES 

or  all  kiiidB,  for  BhifC 
slopeSj  plunea,  coal  breokcrs, 
blast  fnmacee,  and   rollmg 

IQillS. 

CORHISH  AND  BULL 

PUMPING  ENGINES, 
double  anil  slagle  acting 
pumps  of  every  variety,  for 
miaiog  and  other  pnrpoaea 

CHASSER    MILLS, 

for  Powder  msklcg. 


Saw  and   Grist  Mills, 

Hailroad  and  Mine 

Cars,  eta.,  etc. 

ILUE,  TUBULAS, 

CYLIHDEE  BOILERS 
oflliubeBtPeDueylyania  char- 
coal Iron.  Fagoted  and  otUer 
furgings  of   all   kinds,   and 

IRONS  BHASSC4STIHCS 

of  every  description. 


This  establishment  comprises 
and  most  efficient  character ;  als 
drawings  and  plans,  prepared  for 

A.  C.  I.ANmG. 


tools  of  the  largest  capacity 
o  a  great  variety  of  patterns, 
all  kinds  of  machinery, 

S.  E.  MAESHALL. 


In  our  recent  tour  through  tlie  Coal  regions  we  wero  pleased  to 
notice  the  very  efficient  and  substantial  mining  machinery  erected 
by  Messrs.  Lanikg  &;  Marshall,  at  many  of  the  mines  in  the 
Wyoming  valley,  but  particularly  at  the  Baltimore  Coal  Company's 
and  the  Wilkesbarre  Coal  and  Iron  Company's  new  improvements. 
Also  a  magnificent  Chasser  Mill,  at  the  Messrs.  Dupont's  Wapwal- 
lopen  Powder  mills, — each  wheel  of  which  weighs  15,000  pounds. 

S.  H.  D. 
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THE  DICKSON  MAIFACTURII  CO. 

Scranton,  Luzerne  County,  Pa., 

IdanufsclDr^is  of  anii  Ilraltrs  in 

LOCOMOTIVES 

:ari  steam  Ecpes, 

BOILERS,  CASTINGS, 

machinery 

OF  ALL  KI^DS, 

Hardware,  Iron,  Steel,  Nails,  Spikes,  Railroad  and  Mine 

Supplies  of  all  kinds, 

STOVES,  TIN  AND  SHEET  IRON,  WARE,  GAS  PIPE, 

B»-Hss  ana  Iron,  Oas,   Water    and    Sfeaiit  FUtlnga,  ami    Engine 
Fuvfvliihing  generally. 

They  pay  particular  attention  to  deBigning,  constructing  and  putting  up  MIHIHO  AND 
PUMPING  MACHINEET,  and  from  tlieir  long  esperienoe  and  large  number  of  patterns 
on  hand,  tliey  are  prepared  to  fiiniiBli  anything  In  this  line,  with  promptness  and  dispatcli, 
and  in  the  best  manner. 

RAILROAD  AND  COAL  CARS. 

Thej  are  prepared  to  mannfaetBre  on  short  notice,  Railroad  cars  of  all  tiuds,  from  the 
Srst  dass  passenger  oars  to  the  smallest  mine  cars. 

Planing  Mill  and  Sasli  and  Door  Factory. 


PATENT  IVROUBHTIRON  COAL  BREAKEB. 

They  call  the  attention  of  the  coal  trade  to  "  Dickson's  Patent  Wbouoht  Ikon  Coal 
Brpaker  "  the  newest  and  best  thing  out  for  economical  work.  In  this  breaker  the  teeth 
are  made  on  wrought  iron  rings  and  are  perfectly  tempered.  The  rings  are  all  alike,  and 
can  he  removed  and  renewed  at  pleasure. 

KoTB.— We  can  heartily  commend  this,  manufactnring  company  to  the  patronage  of  our 
frisndB,  and  would  particularly  call  attention  to  their  new  coal  breakor.  K„^„r.„^ 

7,93, 
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A  50  HORSE-POWER  BOILER. 


SIDE   VIEW 


HARRISON  BOILER  WORKS, 

Gray's  Ferry  Koad,  near  U.  S.  Arsenal, 

sp  m  n  a  A  H)  B  Ha  IP  Hi  n  i\  0 


THE  HAKKISON  STEAM  BOILER. 


.dbyeu 


3  aplLues  ue  belt 


tMted  by  SydrsuUcpreiSBte  It  40011m.  to  the  square  Inch,    /(  cannot  lie  iwrrf  unifer  ony  practicalile 


It  U  not 


arba  the  bent  mors  sSactusUy  th 


■>u 
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FRONT  VIEW. 

It  gea  up  steam  qui.kl)-  from  cold  water.  »fld  with  lltlU  TmI.    It  proSuws  TBrf  i'7  suporheiled 

It  ia  OMlly  [ransporlod.  oan  Us  erected  by  ordinary  workmen  and  Ib  readily  oLeaned  ''^alde  and  ont 
Under  orSinarj  cifonmBtaqcfls  it  la  kept  ftes  from  permanent  deposit  by  merely  blowing  tha  water 
entirely  out  under  presBute,  once  a  week.    It  requires  no  special  ekiU  In  lU  toanagamont. 

Injured  parts  can  be  renewed  i^  great  facility,  a^  they 
lis  width;  and,  being  a  multiplication  of  a  single  form,  its 

It  has  1B9B  weight,  and  takes  hot  one-half  of  the  groun 
inctenaei  In  helgSt. 

Any  kind  of  fual  may  be  uaed  under  this  boiler,  from  was 

As  an  evidence  of  the  safely  of  this  boiler,  in  one  inatnnoi 

u  priwticable  to'deaden  the  Ares,  but  they  were  not  drawn,  and  the  boiler  became,  as  a  matter  of  conrs 
most  nndnly  heated.  i      ,1    i  Id  ba  olosed  tho  boiler  win  refllh 


(he  ordiua 

pl,  by  sin 

ply 

idS 

bBing 

nder  a  pre 

St  costly 
uptnre  0 

tly 

.1 

^'^i 

In  Tonr  arUole  headed  "Another  Steam  Slanghler,"  [pBRB  10  present  Yolnme  of  the  ..ImeriMB  ^r«ran] 
allnfing  to  hollers  considered  aafe,  mention  is  made  of  "the  cast-iron  holler  made  by  Mr.  HarriBon,  ot 
Philadelphia."  Yon  say  "Ihla  boiler  is  safer  than  any  used  on  boats;  bdt  eaat-iron  la  liable  to  be 
.trained  ly  Inequality  o/temperatnra,  and  therefore  should  not  be  preferred  to  wronght-lron  for  passen- 
ger vessels."  fiany  years  ofesperieuce  in  the  use  o(  this  bailer  has  langbt  me  that,  as  a  material  for 
il*am  boilers,  oiat-lron  Is  far  preferable  to  wrw^hl-lton,  and  for  a  reason  which  f?'^^  J^^i^  J'^'^^ 
by  B"di°caise,  and  will  give  out  at  once  If  badly  propontoned  or  Improperly  MSd  Wtoaffht-ina  in 
sfeam  boilers  is  "  liable  to  he  slndned  by  inequality  of  temperalnre,"  and,  not  Iraclnrins  at  obce,  goes 
on  straininp  until  Its  gtructnre  is  destroyed,  and  then  the  parts  thn.  alrianed  inevitably  glTO  way— 
in  In  case  cf  rupture,  audit 


.  hen  badly  treated— a  warn- 
,_^ _„ ,.._ .  ^L-visi..  hollow  sphere^it  is 

Not  so  imuglit-^nrila  very  tenacity  begetting  a  false  security  which  may  lead  to  diaaslsc  at  any 
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WASHINGTON  IRON  WORKS, 

WEWBUSGH,   SEW   YOBK. 


CHOICE  TOOLS,  PATTERI8S,  BRflWlNGS,  ETC., 

mw  m  sTftTiomfi!  'sm  mm  m  mm, 

High  aiid  Xoic  Pi-easiire,  of  Eiftry  Description! 

PROPEllER  AND  PROPELLER  ENGINES, 

toppQvedl   l^@?tafel©  Steam  Sagiags  aad   Qijtkrss^ 

FROM  8  TO  50  HORSE  POWER  i 

SEAR-CASE  MILLS  Al  gDGAE-Rfflra&  MACMIKST, 

Including  Vertical  and  Horizontal  Miils,  for  Horse  or  Steam  Fownr  : 

GRIST  MILLS,  for  WHEAT  AND  CORN,  with  attendant  machinery  ; 

GANG,  CIRCULAR  and  SASH  SAW  MILLS  of  the  most  raodevii 

and     improved     constructioH ;     BRICK    MACHINERY    for 

HORSE  or  STEAM    POWER,  induding   Moukling  and 

Tempering  Machines,  Moulds,  Barrows,  &c. 

Cast  anil  Wfou|tit  Iron  Bridps  for  Railioads  and  Eommon  Roadsi 

mm  BA1IG8S,  f  ATffl  miDiTOiS  m  tm  BEBULATOBS; 
Wraaj.B  and  (<I«t  grmi  glirfs,  («  Mmm  Waist  mi  8  as ; 

SHAFTINGS,  HANGERS,  PULLEYS, 
Pillmv  BlocJes  and  all  descriptions  of  Gearing  ; 

IRON  AND  BRASS  CASTINBS  IN  EVERY  VARIETY j 

WEOUGHT  AND  CAST  IRON  WORK  AND  FITTINGS  FOR  RAILROAD  CASS ; 

WROUGHT  AND  CAST  IRON  RAILING  FOR  FENCES,  VERANDAS,  ETC; 
ARTESIAN  WELL  TUBES,  ETC.,  ETC.,  ETC. 

HOMER  EAMSDELL,  Piest.  GEO.  M.  OLAPP,  Treas. 

JHO.  H.  AVEIty,  Sect.  JOSEPH  BELKNAP,  Supt, 

L.  C.  WARD, 

53  lAherty  Street, 

AGENT  IN  NEW  YORK  CITY. 
796 
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B,  FatoDt  flnTomor  and  V 


filffiaai  first  i 

Combine  all  the  Mddsrn  Improvements  and  are  fitted  v 

Tlie  Boilepsof  tbese  engines  are  made  ofthe6es(^»wi-fcnn  iron,  with  a  erown  sheet 
of  eitia  iron,  well  scajed,  and  have  flfteen  feet  of  Are  surface  to  eaeh  horse  pon-er;  large 
fire  box  for  bnrulni;  either  wood  or  coal ;  thej  aro  in  the  style  of  the  locomotive ;  Teqnire  do 
brick  work  ;  and  can  bo  pnt  to  H«rk  in  a  fbw  hours  after  arriTlnn;  at  thetr  deatiDatioB. 

In  fact,  the  encine  and  1>oiler,  as  now  ooDBtraetad,  has  no  suparior,  if  an  equal,  ae  a 
motive  power.  The  utmost  care  and  attention  is  given  to  the  mechanical  construetion, 
and  nothing  but  the  first  qnallty  of  material  used. 

Our  Engines  are  invariably  fitted  with  a  TiAidar  Sealer,  Oovernor  fcith  Balance  Vrdve,  a 
Hbret  Pump,  Two  Balance  pylleys,  Braola  Pipe,  Saftty  Valve,  Steam  Gauge,  Cunneeting  Pipe, 
IB  feet  of  Suction  Pipe;  in  Short,  every  piece  of  iron  work  required  to  render  the  engine 
and  boiler  complete.  The-englne  is  bailc  upon  a  solid  bed  j>Ute,  is  complete  of  Itself,  and 
can  be  worked  upon  a  roundatiou  eeparate  fVom  the  boiler, 

KllSines,  all  sizes,  from  3  to  40  horse  power,  made  to  order.  Those  of  8, 10,  IS,  15 
and  20  horse,  are  in  process  of  construction,  and  can  be  delivered  upon  short  notice. 

A  track  of  the  Newbnl^h  branch  of  the  Erie  Railway  connecta  with  the  works,  and 
Bhlpnveots  are  made  direct  to  Franklin,  Pa.,  and  Ravenna,  Ohio,  and  intermediate  stations, 
without  change  of  cars. 

The  nninber 'manufactured,  which  has  reached  five  complete  engines  and  boilers  per  day, 
s  sufficient  guarantee  of  Its  popularity. 

We  are  raanufactiiring  three  varieties  of  S*w  MUIb,  and  eleven  numbers  eMh. 
1st.    la  an  lKO«  MILL.  To  the  bed  plate  (Thfob  lscs.st  in  one  piece),  all  the  worltlng  parla  nrenllKlied, 

nflrm  after  jearsofBertice  as  whBoflntbollt',  The  Sow  «ntMir<Jt»  tromSJs  to4K  InoheHln  JiBmaler, 

—J,  ,f  i J  j..„^  ,.„„,  1^  setf-oiUng  boxet,  which  do  not  reqnire  replapiihing  oflenar  than  oni8 

.^_L_._.__.    ..^..   .   '*"  n»t*frfhw  without  reArfifTi^. 

nuHaiieotM  fcend  ftioBtB,  rac*,  inay  afld/rfCtfosroUwB.^rBof  tho  moat  moderQ 

r,  will  saw  from^  to  W,O00  ftst  of  boaida  in  10  honr'a." 


One  patanlSltiB  SOLLER,  ii 


3'^  iDGheBdlamole 


ilin^  bOKBi), 
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[ITHAPIilC  DRAWIIG,  [NGRAVIIinND  PmNIIiG! 
FMCnCAL  LITHDeMFiE  M  SMRAm, 

312  and  314  WALNUT  ST.,  PHILADELPHIA, 

Orders  in  all  branches  of  the  Lithographic  Art  executed  in  the  best 
Btyle,  includinff 

MAPS,  NOTES,                        SCENES, 

PLANS,  CHECKS,                      BUILDINGS . 

VIEWS,  CIRCULARS,             SECTIONS. 

MINES,  BILL-HEADS,            GEOLOGICAL  CHARTS, 
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process.     Address 

CAMBRIA  IROM  COMPAIVV,  400  Chesnut  St.,  Pbilada. 


3Ea:.A.s"rx3Nrc3^s  «*?  cjo. 


AND  DEALERS  IN 

OXJEEIKES'   OILS. 


1  hand  and  for  sale  at  tbu  very  lowest 


ENGINEER   AND    AOENT    FOK    THE 

lOGUST  MOOSTAtS  COAL  &  IRON  OOMPANV* 

eEJSTTHLAXIA,  eeXTTMBlA  eetTis-Tx,  :pa. 

€I"WSIa  AH»  M1HIH6  SH«ISSSS, 

OFFICE: — Russel's  BuUdlng,  MaJuMttungo  Street, 
POTTSVILLE,    PA. 

BTJSiaNTESS    ESTA_BI.TSI3:EI3    IU   1830. 

HBNBY  C.  BUSSEL,, 


ABHT  FOR  BUYISC  ASD  SELlim  IHl  ESTATE,  COLtECTISG  C«U  RSJTS,  h. 

Uahantai^o  St.,  cor.  Beeonft  8t.,  Fottsvitle,  Schuylkill  County,  Fa. 


No.  3S»  Walnut  Street,  Pbll^lelptala, 

HINEBS   AND   SHIPPERS  OF 

LOCUST  MODNATIN  AND  MAMMOTH  VEIN  COAL. 

WHARP:-Pier  13,  Port  Riohmojid. 


ab,Google 


GLOSSAfiY. 


It     Wateilewl.adrifn. 

Fiee-Clji.    Apureeiai-. 

FmE-DiMp.  CaiUui-otted  liyrfrcgeii. 

IOItM4TION.    A  Btrltum.  tir  gioup  of 

gf  a  houso,   BtratB  dipping  t«o 

Fosai.   Any  relic  of  plans  otanunal 

BSNADHinB     Sandy 

in  the  earthy  Btretti. 

rDBNicE.    For  vsntllatins  mlnee. 

DEORU,     Rog»re'aaMoiid>«iM0f 

ZIS     Linwi  of  sfQcltiiBl  or  SDti- 

BliuBl  basins,  or  ndgea 

KiliJ     Without  UIi,,  gneisa. 

GoBSAH.   Oxidlsod  out^ropB  of  voins 

ABSLT     A  trap  or  igaeoaa  rook. 

[atormahlern.) 

lABiv     A  synclinal  Iroogli. 

GuiNiTE    AcDBtamne.mutraUfled 

tixi. 

GREEH"TOftl     An  tgaeoBS  trappean 

liiUMEN.    MiQWal  pitth  or  tar. 

iLioKBASD,     A  rich    oirboHBCeoua 

Gypsfv    Plasliirof  Paris,  or  Bulptnte 

>r  lowest  great  divlaon 


the  BsBtem  Appalachian 
'    T?nn  applied  to  pi!lu 


H.    Cut  through  iai 


OjUKOSoio.  Recent  life ;  up] 
CiLUOTB.  A  ooal-plant  or 
Calcabbods^  Rock  oontoii 
GAUOmrEnoDS.  Containli 
CoiTE.  aiod  tor  transporli 


Creep.  Gradual  criwh  in  co 
(Slop.  BdgB  of  the  etrata. 
Da»p.    Heoty  vapor;  catb 


.TE.    Wood-coal,  or  fosBil  iv 


le  or  shaft,  fcudi  which  th 


Jmitt-    An  apparalns  tor  emptying 


ough  fbrmefl 


PiLsomauioi. 


ab,Google 


ab,Google 


GfflEEAL  INDEX  OF  SUBJECTS. 


(,  328. 
1  of,  328. 


identiSeatii 

in  Alubama,  m. 

in  Kentuokj,  360. 

in  MBrjlttud,  333. 

in  Ohio,  SSr. 

in  Pennajlvania,  331. 

in  Tennaaaee,  351. 

in  West  Virginia,  338. 

map  of,  318. 

m^  of,  in  Alalianiii,  395. 

measureaof,  331. 

production  in  Pennsylvania,  331. 

production  of,  in  Alabama,  357. 

production  of,  in  Ohio,  3H0. 

geotion  of.  In  Alabama,  356. 

Tcrtioal  section  of,  321. 
Alpha,  oc  coal-bed  A,  248. 
Ancient  and  modern  formntions,  51. 
Ancient  Appalachian,  the,  48. 

Anthraoila  ooal-beda,  261. 

oDsl  formation,  TT. 

coal  of.  South  Wnles,  145. 

fields  of  PenuBjlTWiin,  155. 
Appalachian  focmatJona,  SO. 
Areadifm  coal-fields,  386. 

area  of,  388. 

ooal-aeams  of,  388. 

map  of,  387. 

meaentea  of,  389. 
Area  of  anthracite  ooai-ficlds,  127. 


I  C0]U-fii 


Areas  of  American  ooal-flelda,  83. 

of  BriUah  eoal-fielda,  S4. 

of  Britiah  (N.A,)  Provincaa,  84. 
Asia,  coal-fields  of,  92. 
Australian  coals,  93. 


field,  3 


BiKCLAY,  or  Tonandi 

section  of,  310. 
Base  radius,  505. 
Bearer  Meadon  basin,  189. 

seotiona,  190, 102. 
Belgium,  coal-mines  of,  153. 
Beaiemer  converter,  644,  648. 

steel,  637,  639. 
Black  Creek  coal-basins,  198. 

vertical  section,  197. 


B,  or  Buck  Mountain  coal-bed,  248. 
Boundary  sjatem  of  mining,  423,  426 
Box  cages,  462. 


(M.A.)  Province! 
Brood  Monnt^n  basin, 
ad  T  p     al-fielda,  ^ 


Ledge,  163. 

al-bed,  169. 
difltrict,  168. 


Oen 


g     614. 
.ementingfumaoea,  635. 

■  coal-field,  361. 

in  Illinois,  363. 

in  Indiana,  371. 

in  Western  Kentuoky,  372. 

map  of,  382. 

production  of,  376. 

vertical  section  of,  363. 
Cheap  labor,  585. 
Cheap  labor  m  free  labor,  689. 
Clanny,  Dr.,  lamp  of,  442, 

arks  descending  the  Lehigh,  116. 

cutting  machinery,  447. 

flora,  the,  64. 

formation,  recent,  46. 

its  history  and  development,  99. 

measures,  (he,  43. 

mining,  445. 

oil,  djstillatjon  of,  6Y0. 

producing  ooantries,  86. 

production  of  Great  Britain,  102. 

vegetation  commenced,  48. 
rolhenes  m  Oreat  Britain,  20. 
Commen-e  806. 
rompromiae  Act,  577, 
fonolusion  6J1. 
Confelomerate,  the,  43. 

erting  table,  angles,  ftc,  495. 


imwall  iron  hills  of,  559. 


Davy,  Sir  Humphry,  lamp  of,  443. 
Deep  River  coal-field,  404. 
map  of,  404. 


ci  by  Google 


(JILJNKKAL    IN]JKX    OF   SUBJECTS. 


Distribution  of  eoul,  H£. 
Domestic  debts,  S9T. 
1>,  or  Skidiuore,  250. 
Drifts,  or  water-levele,  411. 
DjoamiB  value  of  coal,  the,  !1 


lilevation  and  hmiilling  of  cod,  4r(i. 

End,  the,  672. 

England  and  her  resouniee,  S7. 

her  development,  560. 

her  policy,  680. 

Sew,  coals  of,  332. 

European  cools,  90,  ISi. 

False  oobI  measures,  the,  41. 
Farmer  and  planter,  685. 
Fault  ohangs  of  liorizon,  201. 

dirt,  290. 

English  coai-ficlda,  288. 

ia  Diamiind  mines,  Hozktun,  S37. 

Biohmond  coal-fields,  292. 

Baddies,  or  horsebaeliP,  201. 

Blala,  295. 

Blip  dikes,  289. 

trap  dike,  239. 
Faults,  in  coal  measures,  28&, 
Fell,  Judge  Jesse,  111. 
First,  or  Southern  coal-field,  221. 

divisions  of,  222. 

topography  of,  222. 


s,  471, 


Forge  and  bloomery,  616, 
Formation  and  origin  of  coal,  6.?, 
Frenoh  coal  and  coal-fields,  140, 
Frostburg  basin,  336. 

production  of,  338,  337. 

seotions  of,  336. 
Furnace,  624. 

GiHMi,  or  bed  C,  249. 

Gate,  or  bed  M,  258. 

Geology,  30. 

Geology  of  Southarn  coal-field,  25 

Ginter,  Philip,  113. 

Gold  OS.  onrrenoj,  602. 

Great  Basin,  323. 

Great  Britain,  120. 

Great  Northern  coal-field,  Engbn 

coal-seama  or,  I  SB. 

aollieriea  of,  142. 

total  production  of,  IJl. 
Greenwood,  section  at,  239. 

HAztETO-i  basin,  IBS. 


High  prices,  501. 

History  and  development  of  c( 

of  anthracite  coal,  107. 
Holmes,  or  bed  F,  263. 
"loneybroi 


Hot-bl 


.0  pay  I 


IS,  628. 

ir  debts,  504. 


at  Sullivan  county,  231. 

at  Tamaqua,  279, 

at  Wllkesbarre,  281. 
Illinois,  coals  of.  363, 

ooal  measures  of,  366. 

mines  of,  36S. 

Falceozoio,  section  of,  364. 
Importation  of  food,  589. 
Index  of  chapters,  7. 
Index  of  illuatrationa,  1&. 
Indiana,  ooats  of,  371. 

area  of,  371. 

production  of,  372. 

section  of,  372. 
Introduction,  18. 
iHventioH,  progcesB  of,  103. 
Iowa,  coals  of,  378. 

area  of,  379. 

"    ition  of,  379. 


ea,  531. 


infactur 


,610. 


i,  550. 


in  New  Jersey,  541. 
in  New  York,  544,  545. 
in  North  Carolina,  536. 
in  Pennsylvania,  630. 
in  Virginia,  638. 


of  e 


I,  &U. 


le  AzDlo  n:       , 
of  the  ooal  measuroa,  564. 
Pala;oioio,  553-568. 
Pilot  Knob,  551. 
sedimentary  deposit  of,  5,12. 
sublimation  of,  534. 
true  veins  of,  533, 


region,  tho  Great,  339. 


distances 


0  and  frui 
f,  342. 


J  of,  346. 

petroleum  of,  349. 

transverse  aeoUon  of,  342. 

vertical  section  of,  344. 
:elly,  William,  steel  prooess  of,  6sr. 
lontuoky,  coal  of  Eastern,  S50, 

seotion  of,  35(1. 
coal  of  Western,  372. 

production  of,  875, 
section  of,  374. 

egion,  168. 


tcral  01 


1,61. 


of,  199. 


I  high  basin,  ari 

coal-basins,  mi. 
Coal  Mining  Compnuy,  115. 
Mammoth  at,  232. 
production  of,  199. 
region,  the,  112, 


trfl] 


a,  231. 


ci  by  Google 


Lesley's,  J,  P.,  identitj  of  oofil- 
LesquBCBux'  Palieontulogy,  S2S, 
J.imflstone,  the  Great,  H. 
Looution  of  mines,  shafts,  At.,  ■ 
!.oco3tdale.  Mammoth  at,  213. 

transversa  aeofion,  21(1. 

TartiotJ  section,  212. 
"  liong  wall"  mining,  432. 
J.yfcens  ViOley,  2fi4. 

Uachinbrt,  pnetmmtic,  462. 

pumping,  iSi. 
Mognetio  ir  '"   '" 


i,  202. 


21,-., 


Mabano;  has 

region,  201. 

legion,  production 

eeotioDS,  203,  213. 
Uammoth  at  Looustdale, 

at  Tamaqua,  238. 

EokUy,  197. 

Harleigh,  198. 

Haileton,  195. 

orbed  E,25l>. 
Map  of  Wyoming  Valley, 
MassacbuBetts,  coals  of,  'iS 
Haaaaore  of  Wyoming,  thi 
Mauoh  Chnnk,  121. 
Helamorpbio  rook,  34. 
Michigan,  coaU  of,  361. 
Middle  ooal-field,  201. 
Middle-men,  693. 
Mine  Hill  basin,  246. 


economy,  411. 

machinery,  ibS, 
MisEOUri,  coals  of,  37  o. 

area  of,  3!5. 

geology  of,  376. 

ores  of,  550. 

productioQ  of,  379. 

seotion  of,  378. 
Monnt  PiBgab,  223. 

Nanttcoee,  section  nt,  ISl. 
Natnre  a  busy  worker,  69. 
Nesqueboning  basins  at,  230. 

coal-beds  of,  229. 

Mammotb  at,  230. 

New  Boston  basin,  272. 

Buck  Mountain  at,  278. 

Mammoth  at,  27». 

vertical  section  at,  274. 
Kewoastle  ooal -trade,  101. 
Newfonndland,  coals  of,  3  BO. 
New  Rirer  coal-field,  406. 

map  of,  407. 
!fortb  Carolina,  ooals  of,  401. 

map  of,  404. 
N'orthern  coal-field  in  Miohignn,  361. 

area  of,  361. 

or  Wyoming  coal-field,  164. 

prodnotion  of,  361. 
Korth  Monntain  coal-fieU,  306. 
n  of,  .TOS. 


XDEX    OF  SUBJECTS. 

Ohio,  prodnotion  of,  360. 
Oil-bearing  rooks,  656. 
Oil,  coal,  669. 

distillation  of,  070. 

iCa  formation,  657. 

its  geological  position,  661. 

localities  and  conditions  of,  662. 

natural  pioductlon  of,  658. 

volcanic  inflnences  on,  658. 
Oil  regions  of  Western  Penneylronlo,  6.'iii 
Open  quarry,  Lebigh  coal-mlnea,  118. 
"    'lard.  Little,  or  bed  I,  266. 

or  bed  H,  264. 
Outcrop  of  coal-seam,  plan  of,  261. 

strike,  and  dip,  412,  413. 


Nova  Bootia,  c 

map  of,  337. 

Ohio,  coals  of,  357. 


PA!.« 


,35. 


!r  Creek  Valley,  231. 

sectiaas  of,  232. 

transverse  Bectdon  at,  231. 
Payment  of  our  war  debt,  695. 
Pennamite  war,  the,  159. 

it  development,  fi04. 


pendici 


I  radius,  600, 
3,  518. 


<tribation  of,  668. 


!.,  6G1. 


mils  of,  667. 

gas  wells  of,  667. 

geotogieal  horizon  of,  666. . 

in  the  Baet,  681. 

its  geology,  654. 

of  Alleghany  ooat-teld,  664. 

practical  obserrationa  on,  665. 

cocky  strata  of,  655. 
iladelphia  &  Erie  Railroad,  315. 
Piedmont  ooal-field,  402, 
Pitch  Lake  of  Trinidad,  652. 
Pittsburg,  its  industry,  19. 
Pittslon  coal-bed,  178. 

district,  176. 


Plans' 
Plantei 


t,  177. 


and  fan 


its,  eeaeral  E.,  618. 

Polioy  of  the  Union,  572. 
Political  economy,  584. 
FottsviUe  basins  at,  242. 
coal-beds  at,  248. 

transverse  section  at,  241. 
vertical  section  at,  247. 
Practical  development  of  mines, 
development  of 
illustrations,  56 


Preston  transverse  seolion.  3i)7. 
coal-beds,  209. 

bed,  203. 
or  bed  O,  253. 
Production  of  the  Northern  coal-field,  1 

Puddling  process,  628. 

by  macbinery,  628. 


ab,Google 


ab,Google 


